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This book contains a description of the processes of
precision casting which are described in their tochnological

sequence. It also gives a description of the equipment and

o

T

starting materials used, examples of the casting of heat-
resistant alloys, with calculation of the charge and infor-

mation on tho organization of precision casting. The book
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e

deovotes considerable space to the quality of castings, the

£,
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description of the defects most frequently encountered,

their causes, and the msasures for controlling scrap.

The book is intended to raise the qualifications of

i
£
2
H

2
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5
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workmen in precision casting departments and shops.
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AUTHOR'S PREFACE

The directives of the Nineteenth Party Congress on the Fifth Pive-Year Plan of
L Developnent of the USSR for 1951-1955 provides for a considerable increase in labor
- productivity by introduction of advanced manufacturing processes in all branches of
. ..— the national ecconomy. This demands mastery of advanced technology by the broad
masses of industrial workers.

The book surmarizes the work experience in a nev progressive method of casting,
namely precision casting, and is intended to increase the qualifications of workmen
in precision casting departments and shops.

It is difficult for the author to write a text for increasing the qualifica-
tions and for training cadres in precision casting, since no proper plans and pro-
grams of instruction have been developed so far, and the 1iterature dealing with
this subject item in popular language is still inadequate. The author therefore
recognizes that this book may have shortcomings. I would ask that criticisms of
these shortcomings be sent to the publishers (Moscow 1-51, Petrovka 24).

The author expresses his thanks to L.N.Gazez'yan, Candidate in technical

sciences, for looking over certain Cnapters of the manuscript, to Engineer

_ A.N.Chernov for his editorial work, and to A.A.Lunev, Candidate in technical

_ — sclences and Engineer B.N.Meshchaninov for their valusble suggestions during review

_—of the maruscript.

B.Kurchman

. "
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INTRODUCTION

The field of application of casting in modern production is constantly expand-
ing. The shapes of the parts produced by casting have become more complex, new
casting materials are being used, and assecbly-line mass production is expanding.

"~ ussR scientists, engineers, and innovators of production are successfully effecting

. the mechanization of casting processes,

Nonferrous alloys in series production are more and more frequently cast in
chill molds. The derands for higher precision of nonferrous alloy castings have
led to the development of pressure casting in metal molds. The demands for higher
mechanical strength of parts have led to the use of centrifugal casting methods.
The need for precision steel casting, with very complex geometry, from steels and
alloys difficult to machine has produced a new method of casting in industry, pre-
cision casting with patterns melted—out (or burned out ).

— The method of precision casting has long been a distinguishing badge of
Russian foundrymen. The outstanding craftsmen in casting, V.Efimov and P.Klodt,
o used this method for producing remarkable masterpieces of the founder's art (the

‘- __ memorisl to Minin and Pogzharsidy at Moscow, cast by Efimov in 1818, and the sculp-

1€.. tural group "Man Subduing Nature" at Leningrad, cast by P.Klodt in 1841-1850).

e

5 — They relied on the experience of many generations of Russian founders whose art

TS v

5" goes back to antiquity. Many remarkable Bussian foundry craftsmen, humble workers,
54 _|whose names have not cams down in history, have stil]l bequeathed marvelous works of

—
56 _{_m_mu as a heritage. The larger part of the artistic castings found by our

1

. -
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archeologists in excavations were made ;yu‘ the mathod of ;x_-;attom casting. Jewel-
r_q__.m_caat. by. this method even today. In:lindum, however, the msthod-of puci.lbon{
casting with melted-out or burned-out pat.'tema which are exceedingly difficult to

1 vork by any other msthod, has developed only after refrastory alloys first began to

"
j be used,

The essence of the method of precision casting with melted-out patterns is as

_follows: The pattern of the part, zade of a low-melting material (wax, paraffin,

plastic) is coated with a facing layer, which is then dried. The pattern faced in

this manner is then formed in sand. The mold is dried and the pattern is removed

g Ay

from it through the gating passages; then the mold is fired at a high temperature

and molten metal is cast in it.

TS N R

Thus the casting mold in precision casting is used only once. Precision cast-
ing differs from other forms of casting in that: a) the mold has no joints; b) a
special highly refractory facing is used; c) the metal is poured into the hot mold.
The absence of joints in the mold when casting parts of complex profile increases
the precision of the castings, since even with the most careful assezbly of jointed
molds it is not always possible to avoid displacezent and skewing. The use of a
highly refractory facing layer makes it possible to obtain clean surfaces in parts
cast of steels and alloys of high melting point and high casting temperature. The
hot mold assures better filling with the molten metal.
The advantages of the method of precision casting include the following:
1) Possibility of casting parts of complex profile;
2) High accuracy and complete interchangeability of castings (the accuracy

of this method of casting is as high as the third and fourth class);

3) Possibility of casting most metals, including refractory alloys (except

SR

for alkali metals, which react with the silica of the facing of the mold)i
L) Pigh finish of the casting surface, needing no additional machining; the

finish corresponds to the 5-6'" and in some cases even to the 7*P class of

PR
~
- .
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5) Possibility of casting parts with minimm tolerances (the tolerance may bel

specified as 0.4-0.7 mn or, for parts of simple shaps, a9 0.2-0.4 mm)e

¢

| serious shortcomings, which must be taken into accomnt in selecting the production

4 Together with ite favorable aspects, the method of precision ciiﬁi.nk’dfsd_hﬁ'

e =
method. These include: need for extensive auxiliary material; yncreased use of
.

_ alectric power; axcessive length of the cycle, which is as much as 5-7 days; inade~
quate mechanization of the process.

The advantages and disadvantages of precision casting determine the conditions
for selecting this method of casting {n the production of parts. The vse of pre-
cision casting is recommended if the geomotry of the casting is complicated; if the
alloy used is difficult to work; if the alloy used is expensive, requiring reduced
tolerances and minimum loss of metal in chips; large-series or mass production.

The method of precision casting in industry (aviation, automobile and tractor,
instrument, etc.) is of very recent origin. There can be no doubt that the improve-

ment of this method will still more expand the field of its application.

\ . -
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I. BRIEP DESCRIPTION OF TECHNOLOGICAL PROCESS OF PRECISION CASTING

In contrast to the method of sand casting, where a large number of castings is

t=

- made from a single wooden or metal pattern, in the process of precision casting

. _ each casting is made from an individual pattern. The need for patterns, whose rum-

ber corresponds to the mumber of parts or articles to be produced, determines the

ek

-

.

first stage of tho process.

Patternmaking in Precision Casting

In precision casing, patterns of easily fusible materials are used, and are
removed from the mold during its drying and firing.

Paraffin wax, stearin, rosin, ceresin, beeswax, shellac, and compositions made
of these substances, are used as materials for patterrmaking. Cases of pattern-
making from phenolic and carbinolic plastics are also known.

- The patterns are cast in special dies. The dies for casting patterns are most-

ly made of metal (steel, aluminum, or bronze) and are suitable for making a consi-

_derable number of patterns. So-called semipermanent dies made of plaster, wood,
1.

-- cement, or fusible alloys, may be used for a number of patterms.

[x

— The geometry of the ultimate casting depends on the careful manufacture of the
15

. —dies; therefore, dies for series production are always made in toolmaidng or metal
(O

_ﬂ—" patternmaking or stamping departments with great accuracy and care. The design of

do—

54—‘, the dies, the mumber of joints, and the closing mechanisms, determine to a consider-
- — -

50—‘: able extent the mmber of castings that can be produced by the patterns, a fact that

L
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xust not be forgotten in designing dies, | '_}

| __ _ At prosent, thare are aeveral methoda of casting patterns: fres casting of tha‘
7 melted pattern composition into the die, pressure casting into the die on presses,

_v and pressing the composition in paste form by special fnjection molxu:ng pachines.
’—.‘:l The pressure casting of patterns is the most productive mothod and is used in
" —: series production. The composition cast under pressure into the die assumes the
b _ form of the pattern, and after solidifying is cautiously extracted from the die.

The patterns are checked for their basic geometric dimensions, after which they are

_assembled in blocks (sections) for subsequent group molding and casting. The assem~
bly of the patterns is done either in jigs with simultaneous casting of the gating
system, or by mounting (stick-weld) onto previously cast elements of the gating
system, followed by soldering them together.

The asserbled blocks {sections) are ready for molding, which is performed in

two stages:a) covering the patterns with the facing layer (coating) and b) molding.

Pacing and Molding of the Patterns

The preparation of the first layer of the mold, the facing, in orecision cast-

ing, must be given special attention. The facing comes into direct contact with the
molten metal; therefore, in casting refractory alloys, whose pouring temperature
already reaches 1650-1670°C, this layer of the mold must be refractory to at least
1700°C, otherwise metal penetration will do considerable damage to the finish of
the casting. The facing have sufficient strength; if the facing cracks when the
mold is filled with mstal, the geometry of the part is impaired, resulting in the
formation of burrs on the surface and possibly to cxtensive leakage of metal from
“the mold.

- The facing of the mold is applied to the pattern in the liquid form. The block
-.of patterns is coated by repeated dipping in the facing compound, consisting of
54 _quarts dust (marshallite) and an organosilicon binder, ethyl silicate. The patterns

=a ;a.:e usually coated three to four times, the coating layers being dried each time in

N
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air and in nmonu npor.
_The blacks of patterns are mounted oh a flash board
| pattern composition, on which the molding flask (cast or welded of fireproof steel)

(cemented on with waste

Tis plaoed. The flask is either attached to the grooveu of the flask boax'd, or the

—t

] flask Joint md fiask board are smeared with refractory clay; sometimes the joint

4

to —
_ botween the nuk and the flask board is packed with waste pattern composition. The

1
molds so prepared are placed on a vibrator and filled with the molding campound .

At present, several molding campounds are in use. A liquid molding compound
(up to LOF water) consisting of 8GE of K50/100 quartz sand and 20% of alumina cement
is the most widely used typo for precision casting. Another molding compouwrd 18
also in use: a so-called dry mix, consisting of 98-99% quartz sand (used), and 2-1%

boric acid. In this case, the faces of the form are coated either with refractory

TS I m A RGeS

clay or a special composition of sand and waterglass. Other molding mixes are used,

containing fused quartz sand or grog as filler.

ok

Recently a flaskless method of molding, using frames have been introduced.

The molding mix is packed into the flask and shaken on the vibrator for 3-10
min, after which the mold is allowed to dry naturally. In the case of wet molding,
the natural drying is continued for 24-40 hrs {deperding on the dimensions of the

mold), while in the dry method the molds are ready for the next operation in a few

hours.

Drying, Lining the Pattern, Piring the Molds, and Pouring the Metal

After natural drying, the molds are removed from the flask boards and are

routed to the operation of drying and pouring out the patterns.

In many enterprises, the operation of drying on conveyor driers or thermostats

—_1is conducted simultaneously with the pouring of the pattern composition from the

5 .- molds; the molds are gradually heated to 250-300°C (over a period of 16-20 hrs).

- During thie time, the pattern composition melts and flows out,
Juan'y plants do the drying and baking at the same time; in this case re-use of the

releasing the mold.

6
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pattern composition is entirely out of th}'qiam, aince tho composition will burn
| in tho oven, _Scme plante malt out the caporition ith stess bofore drying. But _

—| this method is suitable only for pattern Wsibiom of very low melting point (not.l
'~ 'gver BCPC). '

The molds after having been dried, are baked in electric furnaces at 300-900°C

m: with a slow stepwise increase of temperature for 13-16 hrs; in this case, the resi-

1
. due of the pattern composition is burned, and the surface of the mold becomes smooth

and hard.

The molten motal, as a rule, is poursd into hot molds, which are delivered for

\

casting immedistely after baking. The filled molds are )nocked out after solidifi-

1~

}
.x

" cation, and the castings are cut off from the runners, cleaned, and routed to the

inspection departaent.

TS e I g

Designing the Dies
A8 noted above, the geometric dimensions of the casting produced deperd almost
entirely on the accuracy with which the dies are made. In addition, all the un-
pleasant peculiarities in the behavior of a given part during casting, due to its
design (buckling, shrinkage, cavities, etc.), which cannot be eliminated by a
rational modification of the casting technique, may be successfully eliminated dur-
“'_i.ng finishing of the dies. For this reason, the die-making must be considered the
' _most important stage in mastering the process of precision casting.
In designing dies, the following st be taken into account:

1) Very careful finishing of the inner working cavity of the die and maintain-

r
__ing it in good condition during the subsequent work;

' _: 2) Simplicity of assembly and disassembly of the die and absence of parts in

-

" _ the working part of the die that are difficult of access for cleaning;
54 e -
3) Reliable attachment of the die;

[
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Teooval of the pattemn tros the dle, which 18 GEaally accomli- |
_‘ - |

ing cones and the ebsence of _recesses;
the pattern cozposition into the die,
(gas blow holes, rallure 0

&) Convenient

shed by the presence of the necessary cast

5) Correct f£illing (or introduction) of

36 a8 to exalude the casting defects in the pattern

k

porge, shrinkage cavities, oto.)s
i

! i 6) Convenience in operation;

if the die is not attached immovably to the press,

;Rs weight must be reduced as much as possible;
'
7) Long 1ife of the die.
" In designing & die it is necess

1d
taking place in the pattern, mold, and casting, i.e.,

ary to take account of all the volume changes

of shrinkage and expansion.

This question is exceedingly complex and

1
—— — @
- at the present time cannot be considered
/ ________] al
completaly solved for all parts, since the

n
h
1
W basi

=

3

¢ difficulty resides in their design.

for instance, to extend

|
\ It is impossible,
1

\
1
[}
pam tha law

cal rod of a length ! and a diameter d

of volume variation of a cylindri-

(Pig.1l) to & part of complex form: 1in

Pig.l - Free 3hrinkage (a) and
percentage ratin, the amount of shrinkage

Hindered Shrinkage (b) of
of Al of the straight rod will not at all

a Casting
correspond to the value of the shrinkage

o shrinkage is pot free but is hindered by the resistance

Am, since in this case tn
and to a great extent depends on the material of

_of the compositior of the mold,
packing on the vibrator, the degree of

~ the casting, the mold, the duration of its

baking of the mold, otc.
However, certain condition

s affecting the variations in volume through the

In this case attention

. entire
“Tmast be paid to

en into account.

production cycle must still be tak
rn composition selected and the

54
the fact that, depending on the patte

4
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Technique of casting it into the dle, t.hol pattorn 1s subject to a ehrinkage of
2 o

71 0.5-2,0%, and _the absolute value of the &f £ _the pattern is inversely pro
4
tional to the pressure when casting into Lhe die; the metal cast in the mold like-
| '

6 1. —— . L e e e e =
T]wise has a definite ldnear and volume shrinkage; on the other hand, the mold mater- |
h_—ialexpanda by as much as 1.5% during drying and baking. The shrinkage and expan- '

YU
sion partially componsate each other, which must be taken into account in designing

" the die.
In casting a steel part, it will be reascnable to assume the compensated shrink-

_age (result of all shrinkages and expansions) to be 1.0-1,1%, but all parts of the
a ‘ die must be made with allowance for the necessity of subsequent finishing, i.e.,
‘ ~ mast be made somewhat longer and thinner, so as to avoid adding new material during
finishing in view of the fact that it is usually considerably more difficult to do
this than to remove excess mstal from the die.

Designers have more trouble in designing dies for parts with complicated con-

TN T i A MR ARE

tours, the so-called profiles, which are often encountered in casting guide buckets

and working blades of turbines.
Let us assume that’the profile of a turbine blade is to be cast, formed by the

entering radius R (Pig.2) and the ext radius r, that the radius Ry (with the center
at the point 03) represents the profile of the blade fare and that the profile of

the trailing edge is formed by the combination of the two radii R‘L and &2 (with the

"~ centers at the points 0; and 0,) and the straight line T. In designing the die for

'R

_this profile, the value of the chord a and the maximm thickness of the profile K

! -
__oust be determined analyticsally or graphically (from an enlarged profile); for the

~die, the chord a is lengthenod by 1.0-1.2% and a new profile (the profile of the

it
_die) with enlarged chord 8 and unchanged maximum thickness of profile K mst be

R

:lconatmcted. Then new radii Rl', Ry, and R3' are selected, attempting to retain
-

s —
i the profile of the blade face (i.e., 8'3-113). The somswhat elongated profile so

LY S
obtained will not bs thicker than the assigned profile (K remaining constant ) which
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Would be difficuit to avold in constructifg an Moutline™ cantour of the profils,
allowing for shrinkage of all radii, a method which unfortunately many designers
still use in designing similar profile dids. If we add to this the fact that the

Pig.2 - Design of Die for Patterns of Turbine Blades

I - Profile of blade; II - Profile of die (before finishing)

3

:maadmm thickness of the profile K, along the depth of the part, is not constant in

o4

che':aatins (the thickness of the casting at the bottom is always somewhat greater

6 0
!

—

10

-
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Than 1t 18 at the top), then it becomes obvious that finishing of the profiles 15 |
_{ unavoidable,

e __ ... 4 -

“Dte g _and o o

By production method and material, dies are subdivided into permanent and semi-

| permanent.

-

The latter include dies made of readily fusible alloys, wood, plaster, rubber,

“ and cement, As a rule, they are made not from drawings but by casting in a master

.. die, or, as some manuals put it, from a mmster pattern®: First, a master die of
,. 'the part is mde, allowing for subsequent changes in the dimensions of ths pattemn,

., mold, and casting, and then a die is mde from this mster die (Pig.3).

| L=
o Y4 "

o ] : R 5 |

e - "I F‘g . >t

Fig.3 - Diagram of a Semipermanent Die from a Master Die (Molding and Pouring)
1 - Master die; 2 - Molding sand; 3 - Easily fusible alloy poured into

first half of die.

Those dies are not strong, very inexact, and extremely chort-lived, They are use-
less in series production and are suitable only for single castings, or for experi-
mental work with a small number of castings, where the accuracy of the parts pro-
_duced is not of substantial importance, but only their form matters.
For series production, steecl dies with a hardened working part must be used.
T Alumimm dies wear out rapidly and require extreme care in work, so that they can-

- : not be recommended for series work.
]
—t
PR As a rule, a die is completely made up on metal-cutting machine tools, fol-

—_—

54 ; lowed by gago finishing of the working surface, using fitter's toolsa.

561,_ The use of wedges, wing nuts and clamps as locks for dies is undesirable, since

1

/! ~
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sible in precision casting, and may lead §o placing &n msn!ncféﬁm‘rmmﬁr‘]
| 4n_opoxation an woll as to unnecessary. re}gg.;gi_og of the finishing. On finishing a |

“Jase, it ie necessary to measure, in a most careful way, along the principally mpor-’

tant dimensions, all the castings of tost 'batéhes, to tabulate the results of these .

] test measurcments and, after analysis, to decide whether to put the die into opera- '

10—
~ tion or to repeat tho finishing. If enlarged profiles aro used, the mean valuss of

17
. the measurements obtained must be plotted on the theoretical profile, which will

1t
give an objective picture of the state of the gecmetry of the casting and will allow

te

1 avoiding errors that would be difficult to correct.

1%

- Serious attention must be paid to the surface finish of the inner working sur-
" face of the die, remenbering that in precision casting all defects of a die, even
insignificant ones, in the form of cracks or shrinkage cavities, are reflected in
the casting. The finish of the working part of the die must correspond to the 8-9*P
class.
After casting a batch of castings of suitable geometry and finish, a certifi-
cate must be issued for the die, certifying to all the drawing dimensions that could

be corrected during finishing. These data are entered in the die certificate, and

.

_the drawing of the die is modified in accordance with the corrected dimensions.
Working sweeps and check counter-sweeps are than taken from the finished die, and

the die is placed in series operation. The die certificate, together with the die

S e T

" 4is kept in the tool storeroom. The certificate shows the time of operation of the

die, the date of verification at the equipment check station, and all corrections

made on the die.

AR 17 S v e

., Operation of Dies
A die placed in operation must be assigned to one or several workmen and issued

272

'
-»__ during the shifts. During operation, the inner working surface of the die must be

5 ;d‘ carefully cleaned with wooden spatulas to prevent possible dents and scratches. At
!
5(._‘ the end of operation, the die must be cleaned and greased (preserved) to avoid cor-

13

25

.

) 1"45”&!‘.;3&9
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Making Blade Patterns
bv) Section through 1I-1I,
¢) View along arrov B,

Fig.5 - A Fow Types of Dies for

a) Compression cylinder; b) Section through I-I,

3 j_,_—_h)_ Section through I1I-1II;
l ¢) View along arrow D.

¢) View along arrov A,

¢) View along arrow N

1
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rosion, which involves a long repair job on the die.
| __The die must be checked at the o@g‘y_t}_t check station at least once a ‘month,
and after casting every five thousand patterns. Normally, up to 200,000 patterns

| "can be cast from each die, without major éverhaul.

[

Perlodically (at least once a month), check measurements must be made on the

(AL
| parts produced by casting from a given die. These periodic measurements on batches

{ .
. of 30-50 castings permits keoping track of the condition of the die and of its natu-

ral wear, which unavoidably leads to variations in its geometrical dimensions. If

' __deviations of more than the established tolerance are found with respect to any

dimension in the course of this check, the die must be removed from operation and
" the wrong dimension must be corrected. This checking is particularly necessary in
series production, since a large number of castings (patterns) are produced from a
single die, and a faulty dimension, if neglected, may be detected too late in the
machine shop. With substantial filling-up of defects between operations and a cycle
of 5-7 days, this leads to losses in semifinished articles (molds and patterns) and
loss of time, interfering with the rythmic operation of the section and of the

entire shop.
111, MAKING MELT-OUT PATTERNS

The Pattern Compositions in Use

A large mumber of recipes for melt-out pattern compositions are known. Many
of them differ only little in their technological properties. In the absence of
' __any printed manuals, each organization doing precision casting composed its own
A _ pattern mixture. The composition of this mixture largely depended on the materials

“__ available.

- Table 1 gives the compositions of certain pattern compositions.
A: The raw materials for the pattern mixtures must meet certain requirements as to
34::n—pu—r—i-t.;: They must not be contaminated with foreign substances, must be uniform, and
56 _4 -
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a) No.; b) Stearine; c) Paraffin; d) Ceresin; e) Beeswax; £) Rosin;

g) Bthylcellulose; h) Halowax; 1) Polystyrene; j) Abietic tar; k) Castor

oil; 1) Shellac

each batch must have the same properties as other batches. This requirement is

4+ :__usually met by carefully selected grades and a previously agreed state of the mate-

rials delivered. Cases are known where the same type of material, arriving at a

' plant at different times, differed sharply in technological properties, due to mix-

"_».t.nree of differeni grades, resulting in increased spoilage.
- All such materials must have minimm ash; the high ash content usually allowed

“w -in low-grade products considerably deteriorates the finish of the casting surface,

The materials for pattern mixtures must satisfy

4

5'— and sometimes leads to spoilage.
51 _ the reqiirements given in Table 2,
S‘~:pm1co-chm1cal properties most important for precision casting.

which is a summary of the state standards for the

16
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Table 2

Specifications for Raw Materials Delivered for Pattern Compositions

i
¢) -
) ( 5

)

0,92—0,93

0,91—0,97

0,91—0,94

0,95-0,97
1,0-1,1
1,1-1,2

v) 1658—52
24152

1,5-1,7

) 1167-44
0,95

)

|
S
< 0il Content not over 2 3%
*¢ Use not recommended because of taxicaty

ees Soluble in ethyl alcohol
seee Viscosity at ‘eut 17 3 Completely soluble in ethyl s lcohol

0,95—0,97

s) No , b) Designation of saterial, c) GOST ar GBT. d) Grade, r) Physico -cbesical properties, f) Huh.m point, °C, §) Ash, Il) Cmttntmf
erchanical admixtures, 1) Morsture. % 1) \wrlhc (flvllx M ‘cwd, k) Stearine, l) Maraf{{in®, =) gﬁ , n Deem o) Rmh

c-llnle-e, q) Polystyre r) Ilolmt Abtetic tar 1) Cantor opl®**®, u) OST NKI'P si7, 3\1 m “,
of Chemical lndu-tr‘r o3 241-52, 2} ]u N‘I\KN’ T167-44, y) TU GLAR 91, 1) (BT KD 466, as) ‘1.2 n“lnd bh lhg Block,
warks D and T, unco or-nl dd) Class A, ve) Absast, ff) Not aver © 2, ga) ‘Abaent, hb) Not p-r-n-hhlo
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Low-melting compositions which conu*np,nf}ﬁ; vox, stearins, ceresin, wax, and
: ronin, sre usually boiled in electric mhmm or thermostats (Pigeb)e
paterisls are ground into lumps 30-100 m in dismeter and placed in the bath., For
' Jow-melting materials, the order of chargjng is not of substantial importance, Usu~

—J‘ ally the principal component is put in first and the others are added as it melts.

Pig.6 - Electric Bath for Boiling Pattern Cczposition
1 - Removable cover; 2 - Thermometer; 3 - Water Jacket; L - Thermocouple;

5 - Cock for draining pattern composition; 6 - Cock for draining sediment

18
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uring the meLuing, vio Tass 1o repeatedly stirred. After cozplete pelting, the
masp st be kept at & emporature of §9-§_0°G for 30-40 minutes, after which it is

tapped into special vessels, which are geherally made of stainless steel. For par-

ticilarly vital thin castings, the composjtion can be strained through a Wo,100-110

brass sieve during the process of tappings

fu —

The pattern compositions containing stearino, pavaffin wax, ceresin, wax, rosin,

)

_and shellac, have a vory Jow boiling point and pouring poing, about 50-80°C. Pat-
tern cozpositions containing holowax, ethyl celluloss, and polystyTene, melt at 8
considerably higher temporature, 110-25d’ C.

The use of low-melting pattern compositions requires very careful organization
of pattern making since, ab the slightest {naccuracy in handling the patterns made
of these compositions, they become doformed and lose the necessary precision. It
is desirable that the room for pattermmaking from mixtures with 8 low melting point
be provided with an air-conditioning systen keeping the rood yemperature within
15-2500, which is not always possible under the conditions of series production.
However, the use of low-melting mixtures has also certain advantages, particularly
convenience in melting the pattemns out of the molds by steam or hot air, and posai-
bility of re-using the mixture melted out of the molds, which, after regeneration,
may be used up to 50F in a nevw pattern mixture. Kevertheless, for series production,
higher melting compositions with a melting point not lower than ll(;-LZSOC should be

" gelected.

Compositions with ethyl cellulose added, whose melting point 1s 110—12500, are

made in larger electric oil baths. Bthyl cellulose 18 scattered into the completely

melted mixture and is left to dissolve over a longer period of time (0.5-2 hrs)

_ after which a sample i1s taken; 8 small amount of the melted mixture is poured on a
" smooth metal plate. Isolated white granules of undissolved ethyl cellulose are per-

" __ mitted. The finished composition is poured into molds.

The KPTs pattern mixture (rosin, 5g%; polystyrene, 304, and ceresin, 20%) has

19
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proved ;ved valuable in series produotion.

Patterna prepared fram KPTs mixture bave the highast mechanical strength and

’

] are less subject to flexural deformation, since the granules (a favorable factor

__I raising the precision of casting), well fill the mold and ensure a sat.isract,ory sur-

raco finish. The disadvantages of the KPTs mixture are fire hazard (the mixture

burns, because of the high polystyrene content) and the difficulty of melting it out
of the mold. As a rule, this camposition is removed from the mold by burning.

KPTs composition is prepared as follows®

An electric bath (Pig.7) is charged with rosin, pre-ground to 30-50 mm lump
size; as the rosin is melting, the ceresin is added at a temperature of 14,0-160°C.
The melted rosin and ceresin are tapped into a vessel of stainless steel prepared in
advance, through a No.100-140 brass strainer. The strained composition is again
poured into the bath, and the polystyrene is added to it in portions. The bath tem-

perature is raised to 220°C. The mixture must be stirred frequently and thoroughly.

After melting, the mixture is kept in the bath at 200PC until no more air bubbles
form and then is poured into a mold.

To avoid ignition of the mixture, whic» would take place at BSCDC, the electric
bath must be equipped wiih a thermostat.

All pattern compositions must be boiled under hoods provided with forced draft
ventilation. The mixture, after cooling in the mold, is broken un into bars, and in

this form is ready for the second melting and casting of the patterns.

Technique of Patternmaking

The technique of patternmaking is determined to a considerable extent by the

pattern composition used, The low-melting compositions for non vital simple cast-
-ings may be teemed froely into the dies which, in this case, must have a branched
- runner part to compensate for the relatively great shrinkage. To accelerate the

: _cooling of the patterns and to speed up the turnover of the dies with low-melting
—4 compositions, the method of filling the dies with the composition in paste form is

20
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Pig.7 - Electric Rath for Boiling KPTs Mixture

a) Section through I-I
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Intake

[
910 fe

Fig.8 - Pneumatic Press for Patternmaking
1 - Press Cylinder; 2 - Bracket; 3 - Platen; | - Piston;

5 - Rod; 6 - Handle; 7 - Cock; 8 - Gasket
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sometimes used. 1he solidiTed pattern mixture Is caréfully scraped out and, ifi tho!
| form of paste, 1s introduced into the die junder pressure by a special funnel box.

In view of the long time taken by the process of pattermmaldng, and of the in-
adequate mochanical strength and relatively great shrinkage of the patterns, neither

' j{ the method of free pouring nor that of filling the dies with the mixture in paste

13\

_form are satisfactory for series production.

The method of pattermmaking by filling the dies under pressure has proved most

!

satisfactory.
The pattern composition, prepared in advance, is placed in a thermostat, where

it is kept throughout at constant temperature. The temperature of the mixture in

TR S ST ) T2

the thermostat is kept at 70-80°C for lower—melting compositions, 120-130°C for com-
positions with ethyl cellulose, and 165-180°C for KPTs compositions. Up to now, no
satisfactory autamatic metering injector has been developed, and the mixturs is
usually poured into the receiver of the press by means of a special measuring ladle.
The inner crucible of the thermostat and the ladle should be made of stainless
steel, It is recommended that the ladle be greased before use, with a 507 solution
of castor oil in alcohol, or with transformer oil, which makes it easier to clean
after each use.
At present, the various plants use widely varying types cf presses for casting
the patterns. Occisionally, hand-lever presses are still used, which are sujtable
" for casting small uncomplicated patterns.
Pneumatic presses, operating from a compressed-air line under a pressure of
3-5 atm (Pig.8) are widely used in some plants. The design cf tnis press is simple
_and it is convenient to operate. The disadvantages include the imperfection of the
’ _ £i11ing mechanism and the nonstationary attachment of the die, which requires man-

—ual assembly and disassembly of the die. The press develops a force up to 700 kg.

-a

At many plants, hydraulic presses are used (Fig.9). Some of these are provided

o
_,with a thermostat for the pattern composition. The press uses oil as the working
5

23
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Tiquid. Tho pressure in the press system|is 1.5-3 ata.

2 -y

) ':p_g_\‘goggg_g of patternmaking on a pp*mt,ﬁ,o press consiste of the following

. S

4
__|operations:

o 1. The cavitles of the disassembled 'die are carofully wiped vith clean rags.

] .
J 2. The working cavities of the die are oiled with transformer oil, using a tam-

o—

— pon or a soft rag (lubrication with castor oil and aleohol is considerably more

1.
_ axpensive and should not be used in the production process ).
3. The die is assecbled in strict sequence, applicable for the given type of

"
_ die; no modification in the order of die assezbly is permitted, since this may lead
" * o incorrect assembly or breaking of the dies.
o
L. Place the die on the platen, aligning it with the mark (to avoid misalign-

" ment ).

5, Close the feeders of the die with a sheet of parchment (a paper seal, pre-

venting partial filling of the die before pressing).

6. Using a tampon, oil the filling device (cylinder and plunger) with trans-
former oil and align it on the die by the mark on the cylinder, in such a way that
the edges are tightly pressed agairst the die (the paper seal will thus be between
the die and the cylinder; ensure close contact, the cylinder face and the upper die
cover ars ground ).

7. 0il the inner surface of the pouring ladle with transformer oil, and, re-
‘moving a portion of the pattern mix from the thermostat with the ladle, pour it into

“the cylinder of the pouring device.

8. Place the plunger in the cylinder and close the press Jacket.

9. Start up the press.

10. After teeming the compound into the mold =nd stopping the plunger of the

:‘preas in the lowest position, keep the die under pressure, using an hour glass, for
—exactly 1-5 ain (the time of pressing depends on the size and shape of the articles).
B} S

— 11, Switch the press reverse (in the upper position, the press turns off auto-
RL T

2,

’

v
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Pig.9 - Diagram of Hydraulic Press
1 - Die; 2 - Hopper or tun dish for charging pattern mix; 3 - Yorking cylinder;

L - Intermediate cylinder; 5 - Water jacket; 6 - Hydraulic cylinder; 7 - Handle

25
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matically).

12, Open the protective enclosure o(l the pross, remove the die to t.llg_&c_t? _E
|

: for assexbly and disassembly, remove the pouring device or rumner, and discomnect it by
woeans of the soft-alloy knockout rod. i T T

Disassezble the die in the reverse order of assembly and, carefully removing

]hho pattern from one of the parts of the die, place the finished pattern on the rack
" (Pig.10).

“

The residues of the pressed composition and the spoiled patterns may be return-
_.od to the thermostat.
In view of the relatively long machine time (1-5 min) it is advisable to oper-
': ate with one press, using two dies of the same type. At the instant of disassembles
and essembles a second set and prepares it for filling. After disconnecting the
press in the upper position, the operator takes the first set off the platen and,
replacing it by the second set, again exerts pressure. This method of working,
which was first used by patternmaker P.V.Kudishina, allowed an increase of over 708
in labor productivity in patternmaking.

After pressing, a fin usually remains on the patterns along the joints of the
die. The pressman, when molding a mattern should not be forced to remove this fin,
since this would increase his work load and reduce the productivity of the press.
The pattern, after removal, should be inspected, and checked for surface finish,

.-"-e.bacnce of cracks, air bubbles, and cracked joints; but it is advisable to combine
_the cleaning of the patterns with the subsequent operation, that of assembling the

patterns into blocks.

IV. CLEANING THE PATTERNS AND ASSEMBLY OF BLOCKS

.Bpecifications for the Pinished Pattern

Y —

— The specifications to be met by the finished pattern are as follows: The pat-
L
_;tern mist accurately reproduce the contours assigned by the die. The geometric

26
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|a_pattern of 150 m= length and 10 m cross=sectional thickness, the permissible de-

dinmensions of the pattern must be wft.m&o ranzo of tolerances (for instance, for !
i

— 1
_ viation is ¢ 0.2 zm); the buckling of thd pattern must be strictly limited. No

' through cracks, gaps and open joints, air
bubbles, or groups of foreign inclusions

are allowed on the surface of the pattern;

the maximm number of foreign inclusions,
not more than 0.5 mm in diameter, must
not exceed eight for the entire pattern;
likewise, a small stratification of the
pattern (markings) due to the teeming

Pig.10 - Removal of the Pattern
temperature of the composition, is per-
from the Die
missible. Individual defects on the
machined surfaces of the article can by corrected by filling them in with pattern

compourd .

Cleaning the Patterns
The cast patterns then go to the cleaning. The fin along the edge of the pat-
tern is removed with a special slicker (Pig.11). In cleaning, particular attention
must be paid to integrity of the pattern edges and to maintenance of the assigned
,-radii along the edges. All defects to be corrected (individual casting grooves,
fins) are filled in with melted pattern mixture by means of a slicker and an elec-
tric soldering iron.

The working place for the assembly and cleaning of patterns is provided with the

2 4 Pt L

i

) »_following devices and tools: a) a8 control board for checking the patterns for buck-

SRR

7

© ling; b) an electric bath filled with melted pattern mix and operated over a step-
3-- down transformer at a voltage of 12-18 volts; c) an electric slicker and an electric

4 —goldering iron for £illing in defects; d) a special knife for cleaning the patterns.
3f’-:;[n_adAitinn, various measuring tools are necessary: calipers for checking the length,

27
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Pig.12 - Types of Racks for Storage of Patterns
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Tiat and round braces; scale and French r{lers; profile templates; instruments for |
i

| measuring torsion.. Sl e o - !

In cleaning patterns, deformation of the working part of the pattern must be

_javoldad, Since the pattern material dofoims casily, it is forbidden to stack the

_}patterns. The pattorns, both before and after cleaning, must be placed with extrems.

—“ care in a position that permits no buckling; it is preferable to place the patterns
in special niches or on portsble racks (Pig.12).

Assexbly of Patterns into Blocks (Sections) for Group Pouring
no In casting relatively small parts (up to LOO gm) it was found that group cast~

_ ing is considerably more advantageous than individual casting. This is explained by
the smaller relative consumption of metal in group casting, by the smaller number of

eolds to be poured, by the smaller amount of dross in the poured metal. In addition,

group casting permits a more efficient utilization of the soles of the drying and
baking ovens. For this reason, only group casting of parts is generally used in
large-scale precision casting.
A few parts of the same tiype, interconnected by a cozmon gating system, is
known in precision casting as a "block of castings®,or, simply, a block or section.
In assembling patterns into 8 block, a gate arrangement i{s best suited for the
production of flawless parts must be selected.
. Gating Systems. The gating system in prrcisior casting must meet the following
requirements:
1) reliable production of parts without casting defects such as ridges, split

_ seams, local overheating, brittleness, blowholes, undercuts, dirt, slag inclusions,

“or buckling;

2) minimun weight and, consequently, minimm relative metal consumption per

',~:‘casti.ng;

54___3) minimm over-all size of the block, thus resulting in reduction in mold

'i-:rdmaions, weight of the molding materiale, and specific consumption of the sole

29
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O —Torea of the baldng oven por €asting:

?:L< A) convenient assembly of pattern into a block, applying mechanized assembly

¢ qmthods;

e_} 5) convenience in removal of castings and in primary sandblasting in the b1ocks,.

Ny

| —

] Besides these basic requirements, convenience in setting up the mounted and
coated block must also bo taken into account in selecting the gating systems, since
the blocks will have to stand a certain length of time while being patched; the
necessary slope for complete removal of the pattern mix from the mold during the
tapping process is a prime factor.

It is very difficult to meet all these requirements; therefore, the selection

of a gating system is usually preceded by extensive experimental work.

1

ek auy
el -
i-a) L a) B

Pig.13 - Pouring Znrcizs

a) Downsprue; b) Filter holes

In precision casting, as in any other casting process, the same elements and
groups of elements of the gating systems are used. These include the following:
Pouring tasins or metal rumners {Fig,1?) into vhich *he me*al s teered from the
ladle. Besides the usual requirements for this part of the gating systen (slag
retention, control of the casting rate), a pouring tasin in precision casting must be
" strong, must not yield dross, and, on its upper face must have a sufficiently large
" area to support a block placed on it after assembly and coating. For this, in
"~ arranging the pouring besin at the center of the casting, its face Aarea muet be not less
: 1-1_3,15&_1/8 of the area occupied by the circle describing the casting; if the dish is

<!~: not located at the center of the casting, its frontal area must be increased, or
P}

30
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the casting must be provided with a3Aitional supports (the running channels Tor tap-|

[

the pattern mix from the deep risers »and sprues are used for this p\ujpoao). '

Most of the downsprues (Pig.1h) in precision casting have a round cross section'
f
_Xand are straight (the diemeter of a downsprue, as a rule, must be equal to 0.25-0.37,

! of the lower diameter of the pouring basin); occasicnally, in the case of particularly
W__.vu,al thin-walled and ribbed castings, the use of a wedge inlet is recommended. The
! " essential difference betwsen them is that the round downsprue does not prevent a

rapid discharge of the metal which entrains a large amount of dross into the casting,

while the wedge inlet acts as a retarder and reduces the rate of flow of the cast-

ing, thus retaining the dross. In precision casting, zigzag dowusprues are not in
wide use, since they favor the formation of cracks in the paint and transfer of part
of the facing layer of the mold into the metal.

The runners (Pig.l5) conduct the metal to the castings and to the feeding head
of a casting. Most of the runners are of round or trapezoidal cross section; run-

ners of semicircular section are used less frequently. The cross-sectional area of

N W

\)\\(L

d)

N
b) ¢
Fig.lh - Types of Downsprues
a - Straight circular section; b - Zigzag; ¢ - Inclined; d - Straight, flat

section

'~_:g_;unner is usually 10-15% smaller than the cross-sectional area of the downsprue.

31
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The runnors are conneot
"lor wedgelike oross section (slotted inletd). FPor particularly important castings,
slag traps aro provided in the runnors (Fig.16)

7 &t the points of axcessive casting stresses, additional risers are Installed to.
guarantes complete feeding of such places, oven when the metal crystalliges (PLg.17)¢

o
:'The mass of the metal in the risers must be considerably larger than the mass of the

'
_place being fod (not less than 6-8 times o In installing & riser it mst be so

7 adiadguiiy

selocted that the motal in the riser is

the last to solidify, otherwise the riser
might "work for jtaelf™ by aspirating
metal from the casting, which would lead
to spoilage. In precision casting, the
installation of so-called closed (deep)

risers, should be avoided as far as pos—

Pig.l5 - Diagram of Block for Group
sible, since these very mich complicate

Casting, with Runner
the form, and preference should be given

a) Detail; b) Ingates;
to open risers.

¢) vanifold Header
In a large number of precision cast-

ing works, a greatly expanded pourirg vrgin g vsed as n T'seT, after the pouring, a
heat-insulating powder {8 sprinkled on the dish to protect it from rapid crystalli-

" gation. However, other gate ends, including deep ones, can be used; if necessary
for the quality of the casting, such ends must be used; the same is true of the

__risers, whose purpose is to promote the removal of gases from the mold. A riser is

“often used as a gate for additional feed for the casting (Pig.18).
Assembly of Blocks. At present, two methods are used for assembling patterns

" into a block; the assembly of blocks by soldering to previously cast elements of the

53—

— gating eystem, and the method of jig assenbly.

54

. Azfaemf:ly by soldering has the advantage that it requires no devices other than

6§ -
|
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—juniversal ones. The elemants of the gating system are cast (pouring basin, Emspa
2 -
| runners, etc,) are cast in special dies, ysually by free pouring, Checking with eho

: assenbled sample block, the assembler solders the individual elements togother and

FPig.16 - Skirmers Pig. 17 - Risers
a) Jate-Riser; b) Part; c) Feuring 2asin
d) Dewnsprue; e) Riser; ) Closed gate;

g) Irgate; h) Skimer

+ _then solders the patterns to them. He verifies the necessary dimensions, using a
scale gage. The principal tools used by the assembler are the electric soldering
*  iron, slicker, and knife. By accurately heating the soldering spot and by forming
-8 seam on the mslted pattern composition, reinforcement of the individual parts of
i*  the block is obtained. Assembly by soldering requires a highly walified assemb-
“ler and has the following disadvantages: excessive time for the assexbly, low

. —strength of the attached elements, and nonstandard character of the block which is

3t _.unavoidable in hand work. Because of these great disadvantages, the method of
) jmmml assembly of blocks by soldering, which is used mostly with low-melting pat-

33
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a) b)

Fig.l8 - Diagranm of Block for Group Casting
a - Casting from top; b - Siphon casting

1) Part 2) Gate; 3) Dish; L) Slit ingates; 5) Gate-Riser; 5) Downsprue;
7) Runner

The essence of ig assembly is that the patterns to be assembled are placed in

a special jig and are attached by {ree pouring of the pattern mixture into the Jig
whose cavity is one of the olemerts of the gating system, or is itself a completely

developed gating system. With j$ig assembly, every effort must be made for maximm

simplification of the gating system, which in turn leads to simplification of the

Jigs. It is desirable to make the entire gating system as a single ‘ig; resultant
camplexity of the !ig is justified by the speed-ur in constructing the blocks,
If it is impossible to make the gating system in a single jig, consecutive

assembly of individual elements into Jigs is recommended, followed by final assembly

‘-
If the design of the

: ‘_of the block, which, again, is preferably done in a conductor.
5> —block does not allow the use of a jig for final assembly of the block, this opera-
3¢ _tion must be performed by soldering; in this case, to ensure complete uniformity of

E jtha blocks and to make measurements during the work unnecessary, special yards, which

34
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st “ve useds
ke the dies, are mode of matale
41t follows

gmmis—ca;;to- t.hd work,

! _ The jigs for assesbly of patterns, Since t.hel‘

' ni.xture is charged into the jig, us a rule, by means of free pouring,
__Jt.hat. jigs can be made of steel as well as 'of 1ight alloys (alumdnum, m@asium,etc. Ye

| -

Pig.19 - Mold for Casting Hated Risers
1 - Matrix; 2 - Insert; 3 - Plate; L - Lower plate; 5 - Screw; ¢ - Upper
plate; 7 - Rod; 8 - Screws; 9 - Pir &) Section through I-I
t finished with the same care as in a die, but mst

r attention must be paid to the parting

“The inner cavity of the jig is no

atively smooth finish. pParticula
It is important in all cases tha
{cult to use special gaskets in thi

{ng can be utilized. For this purpose,

7:have a rel
t the mass cannot flow out of

‘;’:surface of the jig.
s case, the prop—

Since it would be diff

53 _the Jigs
pattern mix of rapidly solidify

o j,qx'.t.y of the
35
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the jig must bo made solld, or provision mist be wmadé Tor CIOIING™ 1t with eold-watsr)

A stepped or zigzag parting surface is re?omnnded: in this case, if a mu part

44 of the mass axtends to the parting surface, it will set rapidly, and its further

¢ _ilcakage fram the Jig will stop by itself. Tho grooves between the pattern and—the
j cavity of the §ig should be made with particular care, since leakage of the pattern
‘ “'mix from the Jig occurs mostly at these points.

A gating system made of pattern mix, because of being poured at atmospheric
pressure, does not differ in smocthness from the surface of the pattern itself.
Although perfect finish and smoothness of the surface is rot needed on gates, since
they perform only an awdliary service and have no effect on the quality of the
casting, efforts should be made to give the gates a certain degree of finish, which
is accomplished by a rough cleaning of the section, assembled in the jig from a mas-
ter pattern.

Jigs for casting can be successfully made by the method of precision casting
from a hand pattern, made for single-time use from ordinary pattern mix. Thz finish
of the casting corresponds fully to the requirements for finish of the gatings; in
this case, only the parting lire and the points of ‘unctior between !ig and pattern
need be machined.

Pigures 19, 2C and 21 show a mold for casting risers, the }ig for pattern

assembly, and a block of assembled patterns.

V. THE FACING LAYER OF THE MOLD

Brief Informaticn on Molding Materials
Before describing the technique of msking the mold in precision casting, a
_brief review over the properties of molding materials will be given.

Casting molds are usually made of a molding mix containing sand, clay, and

: sometimes special binders.

A molding sand is called lean quartz sand if it contains from 2 to 108 of

36
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'mmq;mmm fat loamy sand at 30-5Q%;_a esand containing over 50% of clayey in-

Slayey ingredients, semifat argillaceous qand if it contains 20-30% of clayey 1
' |
|
- 5

gredients is called a loam. '

A good molding mix must be plastic, dtrong, gas-permeable, and refractory.

| The plasticity of a mix determines, to a large extent, the convenience of the

H:mlding process. This property of the mixture is very important for preserving the
impression of the pattern. The more clay there is in a mix, the more plastic will
the mix be; the shape of the granules of the mix also affects its plasticity.

The strength of a mold depends on the content of clay and water in the mix. A
molding mix is stronger the more intimate the bonding of its individual particles.
The strength of a mold also depends largely on the shape and roughness of the gran-
ules; the rougher the surface of the individual particles of sand, the more firmly
will they adhere, and the stronger will the mold become.

The gas-permeability of a mold is important for unhampered liberation of water
vapor in drying the mold and for proper discharge of the gases while teeming metal
into the mold; such gases are evolved by the molten metal. The gas-permeability of
a mold is greater, the lower the clay and moisture content in the molding mixture,
the rounder the shape of the sand particles, and the greater the uniformity and size
of these particles. The gas-permeability of a mold increases when it is dried, as
a result of elimination of moisture from the mold.

Refractoriness is the term used for the ability of a molding mix to withstand
the high temperature of the molten metal. This ability depends on the chemical com-
position of the mix and on the size of the sand grains. Larger sand grains fuse
_with greater difficulty, thus increasing the refractoriness of the mold.

- Since the grain size plays an important role in the various properties of the

:;molding mix, sand is usually graded in a screen with a definite mesh size (Table 3).

4 _Preparation of Material for Facing layer
As stated above, the facing layer of a mold in precision casting plays an excep-

38
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e = &6 3
Characteristic of Screens fop Grading of Molding Materials
(by GOST 2138-51)

Y
1

Number of Screen 20| 30 L0 50 100

Sigze of mesh, 0.85} C.6 | 0.42 | 0.30 0.15
in mn

tional and fundamentally new role in casting. The facing layer must be refractory,
mechanically strong, and sufficiently smooth. A combination of these properties

ensures acouracy and good finish of the casting.

Por less important castings, a facing of quarte dust with a waterglass binder
{s sometimes used. This facing has not become very popular, mainly because of its
low refractoriness. In series production, 2 facing of quartz dust with ethyl sili-

cate and a binder is generally used.

Quartz Dust. Natural quartz dust (marshallite) is found in large quantities

in the USSR in various deposits. Artificial quartz dust is prepared by crushing

s et WA

clean quartz sand in special ball mills with granite balls and liring.

quartz dust consists mainly of siiica (Sitz), whicn rurs up to 98% in aarticu-
larly pure deposits and in artificial quartz dust. ¥atural quartz dust is & finely
divided powder passing a No.lLU screen (8-85%) and throigh a %0.27C screen (LO-50%)
Natural quartz dust has a grain size Ko.lLO.

With respect to its 3iC, content, juartz dust, from the point of view of pre-
cision casting, can be subdivided into high-grade and ordinary. The quality and
purity of quartz dust largely depends on the presence of impurities, oxides of cal-

cium, magnesium, iron, and alksali mstals, which have an unfavorable influence on the

properties of the facing layer. It has been found in practice that only high-grade
quartz dust containing not less than 98.5% 310,, should be used for precision cast-

i_ng.m The presence of more than 1.5% impuritie_s causes spoilage in the castings and

|
{
3 2STAT

=
'
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“Imetal inclusions, adversely affocting the casting finish. !
2

| A similar influence on the quality of the casting is exerted by the grain g,iz_e:
ot quarts dust, Tho strength and refractoriness of the mold depends largely on the
grain size. The theoretical studies 3s well as practical exparience have proved that

best result in strength and refractoriness of the mold surface as well as optimm

‘ ~:‘!':Ln:l.ah of the casting, is obtained with quartz dust passing a No.270 screen. But

" _the use of quartz dust of such fine grain size makes additional grinding of the
large gramles necessary. This operation requires special equipment and causes addi-
tional expense. Many plants have recently been successfully using quartz dust of
grain size No.l40 (as much as 85% of natural dust and as much as 95% of artificial

: quarts dust will pass through a No.lLO screen). The finish of the casting in this

case is only slightly poorer and, in practice, does not exceed the limits of the
sixth class, specified in GCST 2789-51. Consequently, in series production there is
no need for increasing the cost by an additional grinding of the quartz dust,

Before being put into production, gquartz dust must be carefully freed ol Its
various admixtures. This is done by washing it ir running water in special sand
washers or by elutriation in nans, with the .prer layer of water decanted after set-
tling. In the case of greatly contaminated juartz dust, it must be washed several
times. The index of satisfactory purity for quartz dust is clean wash water,

Washed quartz dust is placed in refractory jans; after ratural drying for final

_ramoval of organic impurities and also to reduce tre subsequent shrinkage, the dust
must be baked at 900°C for 2-3 hrs, This operation is usually performed in electric
chamber ovens of the PN-13, Ph-15 type. The fireproof pans with the quartz dust

- are charged into the oven, preheated to the assigned temperature. After the neces-

— sary time, the oven is emptied, the quartz dust is cooled to room temperature and

_sent to the screening department. Often, after baking, the quartz sand takes on a

~ rosy tinge instead of its white color. This is due to the presence of iron axides

_land i8 not a reason for rejecting the quartz dust.

54
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Up %o now, almost all plants grade quartz dust by hard, which is very labor- —n

umings therefore, one of the Leningrad Research Institutes ,recent_]_.,z__ggx_xggggot._ed

unit for sifting quarts dust (Pig.22). This unit should be used as widely as pos-

o
¢
_|sible in all productive areas of precision casting.

b
4{‘ Quarts dust should be sifted through a No.140 screen; a finer sifting through a
1

v';‘}io.270 screen gives a negligible advantage in the finish of the casting, which is

1
not necessary, in series production.

e bR S e

Quartz dust has proved satisfactory as a filler for the facing layer. To elim-
inate a defect occasionally observed, nanely cracking of the facing, the high-
frequency metallurgical laboratory of the Leningrad Institute of Flectrical Engineer-

" ing has proposed the use of a facing which i{s practically free of shrinkage on sub-—
sequent baking. The filler for this investment is ground fused quartz. The use of
fused quartz improves the quality of such facing layer. A step-up in the production
of fused quartz will make large-scale use of this valuable filler possible.

Quartz Sand. In coating the pattern block with mold wash, each layer of the
coating is sprinkled with quartz sand. The quartz sand used is of the lyuberetsidy
type, brand K-50.100, washed {ree of impurities and baked like quartz dust, at 900°C.
The baked sand, after cooling, is passed through two screens, ¥o.LO and Ko0.70. The
sand remaining on ths screen No.7C i3 used for the sprinkling. The so—called Pwhite™
(glass) Lyuberetsikiy sand, which contains a minimm amount of harmful admixtures,

- "has proved highly succesaful as sprinkling sand.

Ethyl Silicate. An organosilicon compound , ethyl silicate, is used as the

binder for the facing layer. Bthyl silicate, mixed with quartz dust (in the follow-
ing, this mixture will be called coating) covers the pattern with a thin elastic
£11m which, after drying and baking, acquires mechanical strength and high refrac-

‘ _toriness with a very high finish.
Without going into a detailed description of the methods of preparing ethyl
o
_silicate and of all its interesting properties, which is the subject matter of a new

"4

L
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hemistry, created by Soviet e‘cl’e‘n’}

emical science, that of organasilicon ¢
emy of Sciences |

. {bmch of ch
A.Andrianov, corresponding member Acad

i '_biat.a under the guidance of K.

/. L
-";.-.,.."“_---._ s TR —a

| g

Pig.22 - Vibrator ror Screening Quartz Dust

1 - Bracket; 2 - Sounding board; 3a, 3b, 3c - Bins for the Various fractions
(3a for the finest ¢raction); L - Vibrator

USSR - let us consider ethyl silicate merely as a binder in the foundry industry.

is obtained by the esterification of silicon tetrachloride with

Ethyl silicate

ethyl alcohol, by the reaction

54C1, + LCoH5OH — 81(0CHs),, * LHC1

Pure ethyl silicate is a yellowish-green liquid with the characteristic odor of

L2
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0
“Tethor. The percentages of the prineipal constituents may range from 28 to w'smz ‘

) ..
1rapd 0.05 to 0,15% HCl, and its specific gravity, at 2(°C, from 0.92 to 1.0.
[
'; Among its other properties, ethyl silicate has the ability of forming viscous |

i
+
1

films. To obtain a binder product on an ethyl silicate base, capsble of serving as

a type of adhesive in the formation of a ceramic film from natural silicon diadde
(sand), sthyl silicate is subjectod to hydrolysis. This means that the ethoxy groupd

attached to the silicon atom are saponified with water. As a result of this reac- .,

S R0

tion, which takes place consecutively in several phases, consolidated molecules
(polymers) are formed. According to the experience of many plants, 10 gun of water

to 100 ga of ethyl silicate must be used for the hydrolysis of ethyl silicate (in
other words, 1.2 mole of water per one mole of ethyl silicate). To prevent the for-
mation of a gelatinous product during hydrolysis and to reduce the excessive concen-
tration of S10, in ethyl silicate, rectified ethyl alcohol of 92-96°strength, dilu-
ted with the calculated quantity of water, is used instead c{ pure water for hydroly-
sis.

Only 8-15% of the water presert in the alcohol takes part ir the hydrolysis,
while the excess alcohol reduces the 8iC, content of the ethyl silicate to a defin-
jte limit. The concentration of 51(2 in hydrolyzed ethyl silicate is customarily
adjusted to 20 + 1%. A reduction of this concentraticr to 2C% leads to a reduction
in the thickness of the applied layer, due to a lowered viscosity of the coating,

this requires an increase in the number of coatings applied and promotes stratifica-

tion. An 810, content of more than 20F in the ethyl silicate leads to an increase
in the thickness of the layer, and may produce cracking of the film during drying,
because of its excessive thickness.

The chemical industry formerly produced nonstandard grades of ethyl silicate,
which differed markedly in contents of 310,, HC1, and volatile fractions. Practice
has shown that any ethyl sllicate produced by industry may be used in precision

casting, However, in series casting on an industrial scale, this is very difficult

L3
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“Twhenever, in order to adapt to each new batoh of etiyl silicate, the hydrolysis pro-

ess must be modified and the drylng conditions changed.
At present, the chemical industry is producing ethyl silicate for precision
“casting, within considerably more narrow 1imits. According to the specifications of
" the Ministry of Chemical Industry MEhP 2818-51, original ethyl silicate must contain
30-35% 8105, no more than 0.15% HCl, and no more than 3% of fractions with a boiling

point up to 110°C. The specific gravity at 20PC must not be more than 1.0 and the

viscosity at 20°, not more than 1.6 centistokes.

Delivery of a more stable ethyl silicate, not differing so much from batch to
batch, unquestionably facilitates production and has a favorable effect on the qual-
ity of the product.

Tochnology of Ethyl Silicate Hydrolysis. Until quite recently, the hydrolysis

of ethyl silicate was performed in the plants by simply wixing the original ethyl
silicate in a glass bottle with dilute alcohol. This operation involves a large
amount of physical labor and in no way met the increasing dezands of series produc-
tion. At present, the hydrolysis of ethyl silicate is extensively mechanized.

The following procedure is recammended: The ethyl silicate delivered to 8
plant (4in one or more batches) i3 poured into a single large stainless steel vessel
of a capacity up to 20C liters, provided with & simple gage cock (unthreaded ).

Before charging, the vessel must be thoroughly cleaned which {s done by sandblasting.

Care must be exerted to prevent moisture and dirt from getting into the ethyl sili-
cate.

The raw ethyl silicate poured into the vessel must be agitated, after which the
vessel is closed with an airtight cover (threaded, with a rubber or lead gasket).
A sample of the raw ethyl silicate is taken in a stoppered flask for chemical analy-
sis, the resulte of which are compared with the certificate for the batch or batches
charged; the raw ethyl silicate is then put into production.

By a preliminary mixing of large batches of ethyl silicate, the varying chemical

L
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:;écmpoaiuon of tho raw ethyl silicate is compensated, which allows production \mrw
jundforn material for a relatively long period. i

¢ -
|

The quantity of water in the form of dilute alcohol, necessary for the hydroly-

sis of othyl silicate to the prescribed cantent of 38102 and HCl in the hydrolyzed
ethyl silicate, is detersined from the 510 and HCL content in the raw ethyl silicate.
Rectified 94-96° spirits are diluted to the necessary concentration with distil-
led water and are then filled, in a measured amount, into the hydrolyzer (Pig.23).
A measured amount of the raw ethyl silicate is charged into the measuring cylinder
of the hydrolyzer. The ethyl-silicate supply cock is then opened and the stirrer
turned on.
Since the hydrolysis reaction of ethyl silicate proceeds under liberation of
heat, a cooling-water lacket is provided in the hydrolyzer. The hydrolysis should
be performed at a temperature not over 1.~45°C, which is regulated by the rate of
flow of the coolant and tho rate cf delivery of the raw ethyl silicate. After all
the raw ethyl silicate has been mixed with alcohol, the agitation should be contin-

ued for LG minutes to 1 hour. The hydrolyzed ethyl silicate must then be cocled

to 20-25°C and drained into a glass bottle, closed with a ground-glass or rubber

stopper. One of the plants has recently introduced a two-stage hydrolysis of ethyl

silicate: first with acidulated water, and then with alcohol; the binder produced

contains 16-18% Si0, and 0.2-C.3% HCl and its viscosity i8 L.5-7.5 centistokes.
Opinions differ as to the time the hydrolyzed ethyl silicate must be left stand-

ing before putting it into production. Some enterprises use ethyl silicate only 2
hours after hydrolysis, while others prolong the period of storage after hydrolysis
to 2 or 3 days. Numerous technological tests bave established that ethyl silicate
can be successfully used as a binder in both cases, but in the interest of greater
stability of production and wniformity of the process, the period of storage, after
hydrolysis, once established, should be raintained.

It is recommended that all hydrolyses be run daily at the same time, for

LS

R}
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‘ . instance from 9 to 12 o'clock in a quantity sufficient to meet the daily need, so ae_!

)

i __Jt..o be able to use the othyl silicate on the following day from the beginning of uork[
|

§_ .
‘during the entire shift.

¥

|
l

- -

from water line

—

Fig.23 - Hydrolyzer
1 - Measuring cylinder; 2 - Hydrolyzer; 3 - Hose; L, - Water-Cooling Jjacket;

§ - Stirrer; 6 - Drainage system

Below, we give an example for calculating the amount of alcohol necessary and

jts concentration for a given batch of ethyl silicate.

Assume that we have a batch of ethyl silicate containing L% Si.()2 and 0.12% HCl.

The amount of hydrolyzed ethyl silicate (binder) required for the following day is

L6
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Assums that the content of 510, in the hydrolysed othyl amcnte.jhmnd.hn_zcﬁ_
and that of HCL 0,10%. Then the amount of ethyl silicate needoed will be

12x20 . 7,06 1tr
3

fhe amount of alcohol nesded will be 12 - 7.06 = Le95 1tre

The alcohol should contain water in the proportion of 10 parts to every 100
parts of ethyl silicate, l.e., 7060 : 10 = 706 ml. Since L940ml of 91° strength
alcohol already contain 4940 * 0.06 = 296 ml of water, water must be added in an
amount of 706 - 296 = 110 mle

The amount of cheaically pure hydrochloric acid needed will be

12000 x O.1 706*0.12
— - T wo =350

About 10 ml (_3_1%6}2_) of technical 36% hydrochloric acid will have to be

added.

Technology of Coating and Drying

The facing layer is applicd to the block of patterns in the liquid state.

The coating is usually composed of 100 gm of quartz dust to h5-55 ml of hydro-
lyzed othyl silicate. In this ratio, the minute grarules of the quartz dust will be
most completely coated by the binder particles. A high quartz content produces &
more brittle and less strong film, and the coating obtained {a thick and fails to
coat all surfaces of the pattern. A higher binder content, on the other hand, makes
the coating mors 1iquid, and the facing layer less strong. A more accurate ratio
between the quarts dust and the binder for each layer of coating ip checked by the
readings of an hydrometer.

Somo plants add amall amounts of glycerol and boric acid to the coating. Prac-

_tice has shown thess additives to be entirely unnecessary and to have no influence

whatever on the quality of the facing layers.

L7
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The coating of pattemu ‘with the taoing layers i.;mper!'omed by dipping the
block in the liquid coating, which is commmly stirred. For tho time being,. this
must bo considered the most efficient, nmoo coating by dust applicabor is not feas-

_1not give a layer of uniform thickness. In many plants the coating is made up and
at.irnd by hand, which does not give a satisfactory and uniform layer of the coating.]
There are a mumber of mechanical mixers available for the coating. Figure 2 ¢

gives a diagram of one type. The mixing is performed by means of an eiectric drill
to which a paddle-wheel is mounted. The coating is stirred periodically. While the

pattem is being dipped, the stirrer is removed from the coating bath (this, as well

as the bulk of the installation, are drawbacks of this design).

At one of the plants, a new type of mechanical mixer, an electromagnetic mixer,
is now being tried out. Here the coating is mixed by an electromagnet at the bottom
of the bath, The magnet is provided with paddles which, during the mixing, whirl
the particles of 1iquid coating upward. The magnet is actuated by another powerful
magnet, turned by an electric motor installed underneath the bath. A mixer of this
type operates continuously and does not interfers with dipping of the patterns, which
are loaded into a wire net basket.

In order to strengthen the facing layers, improve their bonding, and prevent
cracking, each layer of coating is eprinkled with quartz sand. There are several
types of mechanical sanders available for this operation. Por instance, in one of
them (Pig.25) a drum into which baked quartz sand is sprinkled, rotates inside a
metal shell. When the drm rotates, the vanes scoop up the sand and carry it upward;
when reaching the top, the sand falls off. The rotating drum contains a lo.50 mesh,
1ikewise in the form of a drum, but fixed. The coated pattern is placed inside the
screen drun and is sprinkled with the sand trickling downward.

Pigure 26 is a diagram of an elevator sander, and ¥ig.27 is a general view of a
pander in which the screen is actuated by a pneumatic pushrod.

L8 STATEREEER
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Fig.2L - Mechanical Mixer Fig.25 - Drum-Type Sander i :
for Coating 1 - Vent Hood; 2 - Drum; 3 - Frame; L - Reducer; 5 - ‘Pnuorf

6 - Electric motor; 7 - No.50 scraen; 8.- Yane | l
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Only a very short time ago, oacﬁ"ii;{; ‘of coating applied to a pattern was
naturelly dried after sanding, for 12-18 l*.ra, which greatly extendsd the production

cyole and made additional £illings of defacts necessary between the operations. In

“Tadditicn, the prolonged drying cycle tenddd to increase spoilage (cracking of the
ﬂlmm) owing to nonuniform drying conditions.

Fig.26 - Elevator Sander Pig.27 - General View of Pneumatic

1 -~ Elevator pipe; 2 - Electric motor; Sander

3 - Fan; 4 and 5 - Bunkers; 6 and 7 - Dis-

sector; 8 - No.50 screen; 9 - No.80 screen

In order to shorten the drying time of the facing layers, drying the coated

_blocks in an ammonia atmosphere was tested a few years ago. The drying period in
ammonia vapor was shortened from 12-18 hrs to 10-40 min.

—
4

_Today it is known that armonia vapor not only shortens the drying, but also con-

piderably improves the quality of tho facing layer formed, The ammonia vapor encour-

50
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: §g'a’a a more wniforn progress of the resid xﬁdﬁi}m processes throughout the
-_mﬁm_&hiskneaa-ot_tha £i1n while, with x?a.tnml drying, these processss concentrate

gore in the outer layer of the film, which often leads to cracking of the film.

linstallation shown in Pigs.28 and 29 may be recormended. A hermstically closed box '

"I4s connected with an axmonia cylinder. With the closed piston extended during the
5'_"_ established time, the amwonia is delivered to the box at a definite rate through a
flow mster (0.5 liter per minute, at a bax capacity of 250 liters). After this, the
admission of amwnia into the box is stopped (the cylinder is closed), and the cdated
patterns are kept there for an additional period; then, the fan is turned on and the
” patterns are removed from the bax., The ammonia consumption and the ammonia drying
time are selected for each part individually.

The following conditions of ammonia treatzent can be recommended for patterns

with a coating area of up to LOO c.m2:
Naturel drying after coating 5-40 min
Residence time of patterns in ammonia stream 5 min
Rate of amronia discharge 0.5 liter/min
Hay in drier without addition of ammonia 5-10 min
Natural airing after ammonia drying 10-40 min.

Thus the technology of coating and drying pattern blocks comprises:

1. Dipping the pattern block in the coating. The block is held with the right
hand (use rubber glove) by the pouring cup, and, if necessary, with the left hand by
the riser part; the block is dipped 3-6 times, after which it is removed from the
coating and placed under a sandblast in the sander (while being dipped into the coat-
ing bath and sanded, the pattern block is uniformly rotated, so as to prevent build-
up of the coating and to obtain a smooth and uniform facing).

- 2. Natural drying and ammonia treatment of a batch of coated blocks according

]

" %o the established conditions.
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FPig.28 - Installation for Ammonia Drying of Coated Patterns
1 - Prame; 2 - Cap; 3 - Removable grating; L - Ammonia nozzle; 5 - Exhaust;

6 - Bend; 7 - Circulating device; 8 - Weight
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In tﬁ;“&.ei;, four layers of facing are applied with the coating, undj.né, drya-!
ling, and ammonia treatment of each laysr being performed in the same manner. The ‘

2 -

density of the coating (according to ‘:
hydrometer) for the first layer should
range from 1.685 to 1.695, for the second
Crom 1.65 to 1,67, and for the third and
fourth, from 1.6 to 1.62.

The configuration of same parts re-
quires additional strengthening of the
facing layer, particularly in spots that
are not convenient for the shaping process.
Por this purpose, the patterns are greased
in some areas. The composition of the
grease is as follows (in parts by weight):

Hydrolyzed ethyl silicate 50

Quartz sand 99.5

Pig.29 - General View of Simplest
Magnesia (%]

The greasing is done ad libitum, but

Installation for Ammonia Drying

the quartz sand is mixed in advance in with the magnesia in small runners. The pat-
terns need be coated with lubricant only at the places requiring it, i.e., at spots
needing additional strengthening. The lubricant, on a completely coated and dried
block of patterns, is applied by hand, using a rubber glove, after which tne blocks
are dried naturally for 4O minutes to 1 hour, and are then treated with ammonia for
twice the usual period.

A few practical remarks on applying the facing layer are given below.

The bath for make-up of the coating must be of stainless steel, and after each
pouring the coating residues must be thoroughly cleaned and sandblasted. The size

of the bath must be selected in accordance to the size of the pattern block, since

53
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"t.'hi—;ﬂ.n;c noticeable influence ;:n the corisumption of ethyl amca;e'and coating.
| Goating previously used for tho top layera of the facing should net be used for.

.jthe first facing layer of patterms, since such coating always is contaminated by a

_Igertain amount of quartz sand from sanding the patterns, so that the first layer

o |
' "_,not. be satisfactory. The pattern blocks should be coated in succession with one mdl
“the same coating, always using fresh coating for the first layer.

Thinned coating, if carefully stored, can be used for all layers after the first
layer, over a period of two or threo days. The first layer must be applied with
freshly prepared coating.

In order to thin fresh coating, it must be allowed to stand not less than 30
minutes to eliminate the air bubbles entrained by the quartz dust into the coating.
A check mist also be made (by hand, in a rubber glove) that the coating contains no
unmixed luzps of quartz dust.

In coating patterns with inner cavities, the inner cavity oust be cleaned of
axcess sand after sanding, before applying the next layer. FPor this purpose, bristle
brushes may be used. The excess sand must also be cleaned off the block from outside,
by means of the brush.

The poorly coated spots on the gating, by which the pattern ‘s held during the
coating, must be given an additional brush coat. It may be recommended to {use a
special rod into the gating in which the handle is revolved during the coating pro-

cess. The piston may then be removed after the coating is done, by using an elec~

tric soldering iron. After the coated blocks are delivered for shaping, the face of
the gating mst be thoroughly cleaned of drops of coating and sand.

The process of applying the facing layer to the pattern block is one of the
most important operations in precision casting. This must be done with extreme care.
The coating is checked from the condition of the film. On the first pattern coated
(without the riser) the quality of the coating is checked. Each layer of the coated

blocks is checked, after the ammcnia drying, for absence of fissures and peeling of

Sk
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] tj:a £aoing from the pattern surfacoe, pmdticed by tension of the film, This test is
madd by, 11ght._pressure.of the finger on the coated pattern. Defective blocks are..

ety

Zjnot further processed. '\
e - 4




V1. MOLDING DISPOSABLE PATTERNS

Molding in precision casting differs somewhat from that ordinarily practiced in|

fourdry production, As stated above, the molding of disposable patterns is conduc-

Yol

%

ted by two methods, the dry and the wet.

BRI

Only very recently a very {nteresting method of mold making was proposed, using
a double facing and making molding unnocessary, and, therefore, considerably shorten;
ing the production cycle. The pattern block, coated with the facing layer, is then
subjected to three additional applications with the following composition: 708
quartz dust of grain sise No.100~120, and 30% waterglass of sp. gre 1.2. The pat-
tern clusters are coated by the same method used for the original facing layer, and
the coated layers are then sanded with course quartz sand, with intermediate natural
drying for 2-4 hours. The mold is then ready for the following operations, melting
out, firing, and pouring.

This method has not yet been widely adopted, and at the present time the mold-

ing of diposable patterns by the methods deacribed below is used in precision cast-

Dry molding is applicable to parts not requirirg high accuracy in view of the
unstable shrinkage of the main filler, quartz sand. Recently a new facing fused
quartz, has been proposed for dry molding by the Leningrad Institute of Electrical
Engineering (High-Prequency Metallurgical Laboratory). This material is practically

shrinkage-free, but its use is still limited, since there is no industrial produc-

N I

tion of fused quartz.

Y

The following matorials are used as dry filler for the mold in precision cast-

a) Guartz sand K 50/100 98-99%

T P : . .- i ° . B
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Borax or borio acid 2-1%
b) Chamotte lumps 98-99%
Borax or boric acid 2-1%

i

PSS .

¢) Ground fused quartz 98-99%
Borax or boric acid 2-1%

When the first two of these fillers are used, the dimensions of the casting in
length are inconstant if shrinking is inhibited. Pused quartz, as already stated,
behaves well with respect to volume variations; it requires the use of materials
prepared from fused quartz for making the facing layer.

There are two methods of molding, using a dry filler:

Molding in Flasks with Refractory Bottom Plates, The refractory bottom plate
is heated to a temperature of 100°C and a layer of the pattern material is applied
to 1t., Usually the plate is rubbed with a lump of the material, but a li{quid layer
of the material can also be poured on. Then the face of the tun dish of the pattern
block is placed on the bottom plate in such a way that the face of the dish closes
the opening in the pan. ‘then the pattern material harders, the patterr block is
rather firmly cemented to the pan. A refractory flask (-ast or welded of material
sheet) is next placed on the pan in such a way that equal clearances are left be-
tween its walls and the pattern cluster. The flask is then sprinkled with the pat-
tern mixture, whose components are mixed in advance on crusher rolls. The filler in
the mold is settled by lightly tapping the cast with a hammer or by cautious ramming,

The flask, filled to the top, is then covered with a second refractory pan hav-
ing no openings. The lower and upper pans are attached to the flask with wire. 1In
this state, the mold (Pig.30) is ready for the next operations, melting out the pat-
tern mixture, firing, and pouring,

Molding in Flasks with Moist Plugs. In this method of molding, the refractory

pans are replaced by a moist mixture of quarte sand (90%) and waterglass of sp.
gr. 1.2 (10%).
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H on the flask board the pattern cluster is placed by the face of the pouring cup

q‘m board also carries a boxlike refractory flask. The bottom of the mold is filled

b
{to two thirds of the pouring cup with tho moist mixture of quarts sand in waterglass

The mixture is rammed 1ightly. After thﬂ'ﬂ

dry filler is sprinkled into the flaek,

and the upper part of the mold (20-30 ma)
is filled with the same mixture of quartz .,
sand and waterglass, by 1ightly ramming.

In two or three hours the plugs harden,

and the mold, removed from the pan (Pig.31),

is now ready for the next operations. For

better parting of the mold from the flask

board, it is recommended that the latter

be lubricated with 1iquid machine oil.
The use of a dry ¢i1ler for molding

has the advantage of shortening the pro-
Pig.30 - Diagram of Molding Dry Filler
duction cycle since, in this case, pro-
and Refractory Pans

longed drying of the molds becomes unneces-
1 - Closed pans; 2 - Pan with opening;
sary. In addition, the dry {iller, regen=
3 - Pattern; L - Flask of refractory

erated with rew binder (borax, or boric
steel; 5 - Binding wire; ~ - Clay
acid) can be re-used, which considerably
Coating.
~uts transporation costs and cheapens pro—

duction.
Por castings requiring high dimensional stability, however, a facing of quartz
sand and grog 1s unsuitable, while fused quartz is not yet industrially available.

Por this reason, the method most widely used in precision casting today is the wet

pethod of molding, using alumina cement as the mold binder.
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In wet molding in flasks, the assembly of the patterns procoeds in almost thi

same way as in molding with dry riller. !

s The flssks used are mainly of the box type and are welded of stainless stesl i

] sheet 1,5-3 mm thick or cast of refractory !
R

R S series production, cast [lasks are prefer-.

e

steel with walls of -6 mm thickness. In

able, since they are less deformed in fir-
ing and pattern removal, and have a longer
service 1ife. The inside dimensions of the
flasks must correspond to the pattern clus-
ters being molded. The extreme points of

the patterns must be not less than 20-25 mm

from the edge of the flask. The upper cut-

off line of the [lask must be located not

less than 30 mm above the cluster being
mclded. For convenience in transporting
Pig.31 - Diagram of Molding with Wet
the hot molds, special hooks or lugs of
Plugs
stainless steel are sometimes welded to the
1 and 2 - Plugs of Moist Piller;
larger [lasks.
3 - Flask; L - Pattern; § - Dry filler
In the centrifugal method of casting,
the flask must meet higher requirements, since the position of the flask determines
the position of the part during casting in the centrifugal machine. The welded
flasks for the centrifugel machine must be more carefully oriented after each filling.
Special marking holes are scmetimes drilled in the flasks to indicate the position
of the pattern block in the flask, if the block is not symmetric.
When the molds are fired at 900°C, the material of the flask expands less than

the ceramic of the mold. This scmetimes leads to cracking of the mold., To avoid

59




" _|thickness are used, and are placed at the walls of the flask during molding.
With this in mind, Academician A.A.Mikhulin proposed an interesting flask des
.In studying precision casting in collaboration with Engineer S.D.Bogoslovsiiy, he

0 o _
damage during asseubly of the mold, inserts of paper or cardboard of 0,2-0.3 m ;} ’
[}

‘encountered cracking of the molds due to the difference between the coefficient of
'etpansicn of the metal of the flask and that of the ceramic and proposed an original
design of ribbed (corrugated) flasks. oOn heating, the ceramic mixture, while expand-
ing, presses down on the fask, whose corrugated surface, as it were, becomes flat-
tened. This gives a favorable effect only when the thickness of the flask material

is small (up to 1.5 mm). at greater flask thicknesses, the corrugation does not work

LA W Ty e

satisfactorily.

Flask boards are usually cast of aluminum alloys. They are sometimes made with
a crimp when the sections are cemented to each other by molten pattern mixture. It
is advisable to cement s marker for affixing the pattern block, to a predetermined
spot, which will fix the position of the block relative to the board and the flask,

Molding Materials, Quartz sand and aluwnina cement are used as wet filler for
molding.

Quartz sand, brand K 5¢/100 or K 40/70, 13 the principal mold filler in preci-
sion casting, It has good mclding properties and is the most available molding mate-
rial. The use of quartz samd with a minimm clay content (up to 1,5%) is explained
by the need for relatively high refractoriness of the mold in precision casting,
since it is fired at a temperature of 900%. The requirement of a definite grain
size (50/100, 40/70) is dictated by the results of experimental work which showed
this grain size composition to be the optimm size; if the sand contains coarser or
finer particles, the mold beccmes less strong and tends to develop cracks during dry-
ing and baking.

Quartz sand is subjocted to a preliminary treatment, consisting of drying, some-
times of firing for 1-3 hours at 750-900°C and sifting through a No,L0-100 screen.
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The drying of the sand is necessary to improve stability during molding, since the

uge of moist sand prevents proper mixing of the dry components and proparation of &.
luniforn molding mixture, The firing serves to remove the organic impurities from
.‘ the sand.

Alumina cement is used as a binder, This type has the property of hardening
more rapidly than any other types of cement. There are threo grades of alumina ce-
ment, depending on {ts strength properties (Table L).

Table 4

Properties of Alumina Cement

Ultimate Tans%o Strength Compressivezi’»trength in
in kg/cm kg/cm

After
3 Days

All grades of alumina cement can be used in precision casting, but intermixing

of batches is not recommended. If the grade of alumina cement used in production is

changed, the new cement must first be tested, and, 1if necessary, the technique of

molding mst be corrected with respect to the amount of water and cement in the mix-
ture, and the time of drying.
Before being put into production, the cement, must be passed through & No.70

screcn.
Alumina cement 18 & highly hygroscopic material and must therefore be protected

from moisture and stored in a dry room.

Preparation for Molding. The filler is p

special mschanical mixers (Pig.32).

repared in ordinary solution mixers or in

[ W e e

.
' Ry
y o

‘
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‘The composition of the facing is as follows:
Quarts sand 80-90%
Alumina cement 20-10%
Water 30-40% of dry mixture by

oo WS L

i

PpEcNr

Fig.32 - Mixer for Preparing Liquid ¥old ix

1 - Drum; 2 - Worm reducing gear; 3 - Turning mechanism; L - Cover;

5 - Electric motor; 6 - Tilting Knob; 7 - Weight; 8 - Base

E
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[ _
_i The wide range of alumina cement content is explained by its varying strength y

_gpmportiea: Grade 300 cement is added to the slurry up to 20%, while it is suffi-

(_
‘cient to add 10-12% of grade 500 cement.

Same plants use small amounts of ground grog, waterglass, or calcined sodium
carbonate in the facing. The addition of these components has no influence on the
improvement of the facing and therefores should not be added.

The sand and cement are sprinkled in-
to the mixture with measuring rings. Pirst,
the dry mixture is nixed and then water is
added, and the facing is mixed until com~
pletely uniform. Ir mechanical mixers, the
mixing time for the facing slurry does not
exceed 10-1% min, after which the slurry
15 removed and taken to the moiding site.

The molding of flasks by Jacirg slurry
:s made on a ‘o.ting table called a vibra-
tor, ™he time from the beginning of mold-

Pig.33 - Vibrator with Yolds in
ing to the end of stilization of the batch
Position

{3 limited to 20-30 min.
Types of Vibrators and Molding. There are several types of joltirg machines. Ac-
cording to their mechanisms, vibrators may be prneumatic, mechanical (eccentric), or
electromagnetic. The amplitude of vibratlons of the vibrator table is C.i-C.2 mm,
and the frequency of the vibrations {s 1500 cycles a minute. The amplitude of the
vibrations should not be increased above 0.2 mm, since this may lead to breaking the
patterns during molding; however, a reduction in the vibration amplitude of the
shaking table requires a longer vibration treatment.

The prepared molds are placed on the vibrator (Pig.33) a few pieces at a time,

depending on the size of the molds and the capacity of the vibrator.

63
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The flasks are filled with facing slurry to the top, and the vibrator mechanism
y turned ons A8 the slurry sottles into the mold, more slurry is added to the

4
_jwith a shovel. The vibrator is provided with beads and a slurry bin, into which the

Q, jmmeaa of slurry is discharged. i
N For each part, the vibration tims must be strictly determined, since the vibra-'
"tion pariod affects the mechanical strength of the mold and, as a result, also affects
the dimensions of the casting, in connection with the hampered shrinkage of the motal.
It is recammsnded that the vibration timo be measured by means of hour glasses;
depending on the size of the mold, this is 3-10 min or more (for larger molds); for
all parts of the same kind, the vibrations time must be strictly the same, to pre-
vent a difference in the geometric dimensions of the castings.

In molding, the workman must check correct filling of the mold from time to time.
Sometimes a special spatula must be used to pack difficultly accessible places
(cavities). Particular attention must be paid to the integrity of the patterns dur-
ing molding, since the pattern material has a low mechanical strength, and if mold-
ing is not done correctly, the pattern cluster may be damaged.

After the vibration process has been completed, the molds are remcved from the
shaking table and placed on a rack for ratural hardening and drying.

The mechanisms and room must be ¢leaned as soon as “he molding has been finished,
to prevent rapid setting of the left—over slurry, which makes subsequent cleaning
very difficult.

Flaskless Molding. The use of fire-resistant steel flasks, which makes it
necessary to afterbake the molds at 900°C, substantially increases the production
cost of precision castings. Flasks of sheet metal rapidly become deformad, and, as
a rule, are badly burned out after 5-8 cycles and become unfit for further use. The
use of cast flasks prolongs their service life but considerably increases the weight
of the mold. For this reason, it is logical to attempt to relieve the production

process from flasks and to introduce a method of flaskless molding or to replace the

6L
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e Hany plants and scientific institutos have conducted axperimental studiea with |

flask material by a cheaper one. ,‘4-41

ithis in view; at the prosent time, one of the plants has already been successful in i
'developing a mothod of wet flaskless molding, using frames. The pattern cluster is .
mounted on the flaskboard in the same way &s in ordinary molding. A separable iron
“flask is then placed on the board. In this, a frame of 2.0-2,5 m diameter wire io
installed, of the type used in core—aaking. The frame is set 3o as to be 5-8 mm
away from the walls of the flask and from its upper edge.

The molding is done with a slurry containing 81% quartz sand, 19% alumina cement
and 303 (by volume of the dry mix) water. After the cold has hardenod and the lower
edge of the flask has been cleaned, the flask is removed from the mold, and all sub-
sequent operations are performed on the molds without the flask.

The frames, with a slight amount of overhauling, are used repeatedly. In the
case of small molds (120 = 120 » 12C), the {rames may be dispensed with.

Preparation of Molds before Melting Out. The alumina cement already hardens in

the first hour after molding. However, for comnlete hardening of the mold and for
giving it the necessary secharical strength, a pericd rangirg from 1~ hours for
small molds to L8 hours for large ones i{s necessary.

The process of hardening of the mnclds depends tc a sonsiderable extert or the
temperature and mmidity of the air ir the room. The mst favorable conditions are
a temperature of 15—2500, at a relative air humidity cf 3CE. Cases are known where,
at a low temperature in a damp room, molds did not set for several days.

The molds, after sufficient hardening, are separated from the flask boards by a
light tap of the hammor on the board. With a knife, the pattern material is thor-
oughly removed from the lower face of the mold, and the face of the tun dish is
plso cleaned. If the mold is well hardened, its lower edge becomes very smooth and
even. This is a prerequisite since, while firing the mold followed by teeming the

metal, the mold material (ceramic) may become penetrated by metal if the surface of

65
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—J the mold face is unaven,
2 o
L —.The_malds fo_prepared are now ready kar the operatien of melting-out the pat-_

71 tern material. '

i

VII. MELTOUT OF PATTERN uuézm FRON THE MOLD, DRYING AND
PIRING THE MOLDS

Helting-Out the Pattern Material

i
The pattern material is melted out of the mold by means of hot air, steam, or

- " 1in special thermostats.

a Sometimes the melting out of the pattern material is combined with drying and
even with firing; in the latter case, what ‘s done is not to melt out the pattern
material, but to burn it out of the mold. The burning out of the patterns involves
high losses, since the pattern material is entirely consumed by fire and cannot be

further utilized. Burning out may be considered Justified when the fusion point of

the pattern material is high and is close to its flame point (plastics), or when it
contains highly taxic, hamful substances of the type of holowax, whose vapor has a
taxic effect on the human organism. In this case, the operation of drying the molds
is combined with that of firing, with the object of reducing the sources of toxic
vapors.

Steam under a pressure of C.5-1.C atm {s fed to a special plate with nozzle
openings, over which the molds are placed, pouring cup down. Under the action of
the steam, the pattern material melts and flows with the condensate out of the
cavity in the molds. Since the specific gravity of the pattern material is less
than unity, it is easily separated from the water, floating to the top and solidi-
fying in the collector like a layer of ice.

It is very convenient to use steam for melting out the pattern material from

the mold, for a low-telting pattern material with a melting point not over 80°C.

This method is not applicable to higher melting compositions; in this case, the
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melting out 1o dono by means of hot alr ajd in special drying cabinets, When cabi- l

L nata are wsed, they must be inspected mlslnnlm"._mg all channels for re- _
t
“{roval of the pattern material may rapidly clog with molding material.

If the meltout of the patterns is dofie with steam or hot air, a hood must be l

placed over the spot, and the working place must be connected with a forced ventila-

. tion exhaust.

i
~

Drying the Molds
After melting out the pattern material, the molds contain a large amount of
e _f moisture, which is removed by drying. The molds are dried either in conventional
;. __ electric chamber batch driers, or by special methods. The former type of driers
" use heating in stages, while in the latter type the tempsrature is set in advance
for the entire duration of drying.
For molds of an average weight up to 30 kg of molding material, the following

drying conditions are recommended: increase of temperature to 50°C and holding at

this temperature for & hours, to 90°C, L bours; to 12C°C, 3 hours; to 150°C, 3 hours;
to 180°C, 2 hours; to 210°C, 2 hours; to 250°C, 2 hours. The total duration of the
drying is thus 22 hours; for smaller molds, this time may b> somewhat shortened.

It is desirable to charge the molds into the [iring ovens as soon as they are
dry; this is casy to do when using heating installations in which the baking oven

is, as it were, an extension of the drier, The molds in this case are transferred

by simply pushing the pan with the molds from the drier into the baking oven. If
drying chambers and ovens are used, such a transfer of molds is impossible, and
therefore the processes of drying and baking must be so planned as to shorten the
transfer time of the molds as much as possible.
Transfer of the molds from the drier to the oven could be entirely avoided by
) using a single long installation, but this is impossible in practice: The result
. would be a8 very long oven and, in addition, the temperature at the exit would al-

ways be considerably higher than 50°C, since it is very difficult to establish a
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tezperature drop “fraa §00°G to 50°C In & bingle oven.

_ Unloading the molds, dried to 25, ¢nto the ground, their cooling, and subse-

|
|
|
quent charging for the firing would be un,heairable, since a rapid cooling from a !

] high temperature followed by a rapid heating of the ceramic mo1d, might Tesut in—"

| cracking of the mold. If, because of the necessities of production, a delay in

, charging the molds for firing is unavoldable, it is preferable to place the molds,
_until their transfer, in a drier at 250°C (the time of storage of the molds at 250°C
need not be limited ). If, however, unloading of the molds from the drier is abso-
lutely necessary, and a tims interval before firing the molds is proposed, then the

molds must be unloaded, at 150°C rather than after completion of the drying cycle
at 250°C, followed by drying for the remaining stages in the oven (not in the drier).

In this case, cracking of the molds is considerably reduced.

Piring the Molds

The molds are fired in electric chamber overs or in continuous ovens.

In small-scale production, cvens of the type PN-12, PX-13, and PN-15 are often
used. In working with these ovens, the firirg of the molds proceeds stepwise. In
large-series or mass productior, a continuous pusher over should be used. In these
ovens, the temperature conditions are assigned in advance and are kept corstant
over the entire length of the oven.

Por a mean mold size of up to 3C kg of mold material, the following firirg
conditions are recommended: loading the molds into the oven preheated to 25¢°¢,
holding at this temperature for 2 hours; increasing the temperature to 35000, 2 hrs
(including time at this level); to 500°C, 2 hours; to 600°C, 2 hours; to 700°C,
hour; to 80000, 1 hour; and to 900°C, L hours. The entire firing cycle lasts 1L
hours. If it is necessary to hold the mold in the oven during the time of pouring,
the mold must not remain {or more than 12 hours in the oven at a temperature of
900°C.

As shown above, the drying and baking of molds formed with a facing slurry
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“Ttakes a long “time at ';Sry slow t..;peraturh x—'i;;."?fhiu is explained by the presence

|
| of large quantities of water in the mold.| The vapor formed by this water might _-.l

broak the form and cause cracks if rapidly heated, which would be entirely 1mpemﬂ.s—\

] sible for precision casting of parts. The surface of such molds axhibits mny—

grooves; the metal poured into such a cracked form runs into the cracks and might

o completely run out of the mold, On slow heating, the water vapor leaves the mold

" gradually, without breaking it.

Naturally, molds molded with a dry facing are processed considerably faster.
In this case, there is no drying at all, the molds can be placed in the firing oven
at 600°C, and the increase in temperature to 90000, together with the residence time
"of the molds at this temperature, is cut to 6-8 hours {without any residence at the
intermediate temperatures). Molds with a double facing, without any filler, can be
treated in the same manner.

This shortening of the drying amd firing cycles (from 30-36 hrs to 5-8 hrs) and,

consequently, the shortening of the productive cycle, and the considerable saving

in electric power, are the obvious advantages in using a dry facing or molds with a

double facing.

Heating Devices for Drying and Baking Molds

Driers. Electric chamber driers are of very simple design, consisting gener-
ally of an iron {ramework with tightly closing doors. The framework used is of the
double type, containing a heat-insulating material between its walls (rock wool,
asbestos, diatomataceous earth).

In some driers, fixed racks with openings are used on which the molds are load-
ed. For charging and emptying, such driers are less convenient than driers with

sliding drawers.

Several types of heaters for driers are in existence, Heating coils are some-
times placed beneath the lowest rack of the drier. When a sliding drawer system is

used, this arrangement of the heating coils cannot be used; in addition, a great
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Temperature At Pereiics €dsts 1n this casy at the various levals of the driers

4
Rlectric coils may be placed along the th inner _ugl}g ~of the drier over its en- _1
!

tire height. This results in a more uniform temporature in the drier. An electris
i yadiator has proved satisfactory. This is usually placed above the drier. “IHthis
| arrangement, the drier is heated by a jet of air propelled by a fan through the

o I heater into the drier.
.

If drying the molds 1is combined with meltout of the pattern material, provision

mst be made in the frier for removal of the pattern material. For this purpose,
special receptacles, with an outlet to the outside, are somotines placed under each
shelf of the drier. Rxcessively long connections between the pipes, sometimes used

' _ for centralization and discharge of the pattern material into a single opening dur-
ing the drying process, should be avoided, sincs too long a path traveled by the
melted pattern will complicate tho operation. Such pipes will become fouled with
molding and pattern material.

The continuous pusher drier is the nost conveniant form of equipment for mold
drying. Here the molds are placed on pans which are pushed every hour through the
drier. The temperature at the entrance to the drier is 5C°C and the temperature at
the exit from the frier, 350°C. The total length of the drier is g8-12 m, The dry-
ing cycle lasts 18 hours. The drier is provided with pyrozetric instruments for
regulating the temperature in three zones. At full heating of the drier and con-
tinuous operation, the irst zone s usually turned off, since the {nlet tempera-
ture is maintained at its proper level by the heaters of the other two zones. The
drier must be ventilated. A duct above the drier, connected to an exhaust fan, is
suitable only if the pattern material is melted out of the molds before charged

_ into the drier. If the msltout takes place entirely within the drier, the libera-
_ted gases will have to be removed through a flue.
Ovens for Piring the Molds. In small-scale production, as already noted, elec-

tric chamber ovens of the type PN-12, PE-13 and PN-15 can be used for firing the

\
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mo1d. ALL those ovens operate well at t turas unrwmm] i,
: | firing of the molds in the immediato vicinity of the charging door, the door itself
= &0 o S T

" must be heated by placing heaters on its Lnaide, fed by flexible cables. The regu- i
i
"Ilar brick floor of these ovens should be Love?«fidm &AL refractory pm-m—'

by

ribbed guides for the molds.

10—

1f the door is not scparately heated, the two front rows of molds will be in-
: adequately fired, because of the suction of air underneath the door. In this case,
- loading the molds all the way to the door is not recommended. Between ths front
 Tows of molds and the door, a wall of crushed brick should be built slightly higher
than the molds, and the bottom of the oven door should be sprinkled with sand.
To make maximm use of the sole of the baking ovens, the molds are loaded in
two rows, one after the other. Practice has shown that this is entirely practicable
for molds weighing up to 20 kg, without {nvolving loss in product gquality. In this
case, more accurate loading and unloading of the molds is necessary, using special
devices (Pig.3L). This msthod of loading increases the throughput of the firing
dlns by LOE.

A continuous pusher firing oven produces the best results in mold firing. A
description of an oven of this type, in operation at present, is given below
(7ig.35).

The dimensions of the working surface are 71,60 * 1100 * 40C mm; the pushing

interval, one hour; the inlet temperature of the cven is 350°C, and the outlet tem-

perature 900°C. The heaters, mounted in individual sections to the walls of the
oven are easily replaced if necessary.

There are four zones over the entire length of the oven, in which the follow-
ing temperatures are maintained by the pyromstric device (thermostat ): L20°C in

(]
_ the first zone, 500°C in the second zone, 720 C in the third zone, and 900°C in the

_ fourth zone. The first zone operates only during the initial warming-up of the

oven, after which it is usually turned off, since the temperature of 350°C at the

7L
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furnace entmnoe';‘n»l“t}e maintained _b; _ﬁxs heaters of the eocoxﬁ:'iﬁ:?,_and fourth ‘
|

| gones. . Vory often, during operation, tha,second zZene is also turned off, while the

“{third and fourth gones oporate contimuously. Repeated tests have shown that the

| heating of tho molds in this oven ie very .uniform.

If the pattern material was first
melted out of the molds, then ducts from
an exhaust fan are installed over the doors
for ventilating the firing oven. If the
process of firing the molds also includes
burning out the pattern material (plastic
or holowax), a flue must be provided.

In one shop, where holowax was used
as the pattern material, the mslting out
was first performed in a drier, followed
by firing the molds in PX-15 ovens. A
flue was mounted on the drier, and the
process proceeded normally. On transfer
of the molds {rom the drier to the oven

Pig.3L - Unloading Molds from the
and during the firing, especially at tem-
Firing Oven by Means of 2
peratures of BOO—LSOOC, a violent libera-
Special Cven Fork
tion of holowax fumes tock place, which
penetrated into the shop. Forced ventilation through the ducts from the oven doors
was unable to eliminate the gases, which even passed through the oven lining and the
insolating powder. After this, a flue was installed in the PN-15 ovens. This flue
was 100 mn in inside diameter and provided with an outside layer of heat-insulating
material. This measure fully justified itself. ALl the gas now was discharged
through the flue, A damper in the flue was closed as soon as the temperature in the

oven reached 600°C. The installation of this flue made it possible to have all
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Pig.35 - Contlnuous Flectric Oven of Pusher Typo

a) Roller ConveyoT.
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“Tumout of tho patter material tako placg in the oven (by-passing tho drier). The |
-Ammpand.ﬂm:t.pmdunnd_by. the. fius did not extend the firing cyclee . ———— — —

Ventilating systems are often clogged by waste pattern materials, and must be

regularly cleaned 5} &ﬁaeabﬁﬁé the 7p§.;i;a’;i\d even the fan, The flues do not re-:
' [}

quire cleaning, since the deposits of pattern material are completely consumed by

10 —
_lthe heat in the oven.

12

Drying and firing of the molds are very important operations in precision cast-

-
_:ing. They mst be carefully controlled, and no interference with the operating con-

13
qdition mst be permitted. The drier and ovens must be provided with potentiomsters,
8 __
with automatic recording of the drying and firing conditiocns on the tape of a re-
20
__corder. ot less than twice during each shift, the instrument readings must be veri-

A

" fied with 2 control thermocouple.

VIII. ELECTRIC STEEL SMELTING FURNACES IN PCUNDRY SHOPS

In the majority of foundry departments of modern machine building plants, arc
and high-frequency furnaces are used for smelting steel,

A description of a few types of electric steel-melting furnaces in widest use
for making finished alloys and remelting them for pouring the molds in precision

casting is given below,

.._Rlectric Arc Purnaces
According to the character of their operation, the arc furnaces used in preci-
sion casting are subdivided into furnaces with a dependent arc, in which the arc is
. " formed betwsen the slectrodes and the metal itself, and furnaces with a froe arc, in
+ which the metal is melted by the heat of the arc passing between two electrodes at a

so:,,certadn distance from the metal.

3 Purnaces with Dependent Arc. Industrial furnaces of this type are designed for
-—

s¢ aidely varying capacities, from 500 kg to tens of tons.

56_.. The furnace shell is made of boiler iron in the form of a welded frame of

T4
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oylindrical or eliiptical forms The shell has one or more charging ports and one

| discharging port with a tapping spout.__A|rotary device allows the furnace to be

T} tilted at an angle of 50-60° toward the tapping and charging ports. The shell is

gAY R !
13ned with highly refractory brick. The Inner cavity of the furnace, bounded by the;

“|1ining, 1s the smelting space of the furnace (Pig.36).

|

Fig.36 - Diagram of Electric Purnace with Dependent Arc
1 - Electrode; 2 - Mechanism for setting electrodes; 3 - Runner on which

furnace is rotated; I - Slide gate; 5 - Charging port; 6 - Tapping spout

In some furnaces the vault is removable; in such arrangements, the furnace is
charged after the vault has been resoved., This presents a certain advantage in
time for the charging and servicing of the furnaces, but the durability of the lin-
ing is somewhat impaired.

Crossbars installed on the furnace are used for guiding the carriers of the
electrode holders, which move the electrodes dowrward as they are consumed., In
furnaces of this type, the slectrudes are usually arranged in vertical position,

__ passing through cooled openings in the vault of the furnace which are called econ- '

5.

cmzizers.
Three-phase furnaces are most widely used, These use three vertically located

graphite electrodes as the heat sources. Arc furnaces of this type receive their

75
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,‘: ,_‘ S power power, e-phase
with currents of high intensity (tens of W_B of amperes) at a relatively low |
voltags (220-110 volts). 1 1

e e o o et e bt

H
— 13516 5 glves the principal t:eemr.q qata of & reéw slestric ars TUrRETSE With
_| dependent arc, produced in the USSR, }

Purnaces with Tres Arc, These furnaces have found wide use for melting bronze,
ﬁbma, alloy, and forged iron, They are also used for melting steels.
Table 5

Tochnical Data of Arc Electric Steel-Melting Purnaces

Capacity, Power" » |Type of Electrodg, | Voltage, { Electrode
Type tons o Current Diameter , v Ad justment
wm

DST-0.5 0.5 4,00 Three-phase| 100-150 190/110 Manual and
Automatic

DST-1.5 1.5 900/4,00 |Three-phase| 125/225 200/116 Autamatic

DST-3 3.0 1500/800|Three-phase| 175/300 ao0n12a Automatic

DST-5 5.0 2250/1000| Three-phase| 225/350 20127 Automatic

# Numerator, in delta connection; denominator, in star connection.

## RBumerator, graphite electrodes; denominator, carbon electrodes.

A furnace of this type consists of a cylindrical drum with horizontally located
axis. Along the generatrices of the furnmace, a charging port is cut, through which
the molten mstal is also tapped. The port is closed with a hinged, locking door.
The faces of the drum are closed by bolted covers having ports for accamodating
graphite electrodes. The shell and faces of the drum are rade of boiler iron.

The drum is lined with special blocks of high-grade chamotte, with an inner
lining of insulating brick. If chamotte blocks are unavailable, the furnace may be
1ined with ordinary charotte brick if they are carefully dressed and fitted, The
door 18 lined with molded chamotte.
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¥ho furnace ohell has two hoops (Fz37) vth a Toothed SUrace; r.an"‘
the stand. By the aid of these rollers

| gaged by two pairs of rollers attached tothe
do drum can be rotated through an angle of

1
“[30P6 6o 200°, Tho rotation of tho furnacd has séveral ocbjects; THS HOIten metal 1w
!

“{and a reversing eloctric motor, the furna

tho metal is better mixed, the furnace lining is cooled on

8

more wniformly heated,
rotation and is not as readily attack

In the face openings of the furnace,
located along the furnace axis, are inserted.

10 —
—
12
!

.
graphite electrodes,

ed by the metal,
through special chamotte bushings, the
The feading of

LB

’ The voltage from

gulated by a shaft governors.

_ the electrodes as they burn sway is re
over flexible cables. The

?4"’5‘3“‘5{;!}“"2‘

&

[
a singlo-phase circuit is supplied to the electrodes

openings for the electrodes in the furnace faces are water-

~ electrode holders and the

cooled.
The furnace is charged through the door. When t
rmed, the reversing electric motor is turned on and the

he charge begins to melt and
furnace

v g

liquid metal is fo

is rocked, at first through a low angle, and then, as all the metal melts, the rock-

e
b3 3

ing is increased to an angle of 2000.

Fig.37 - Rocking Rlectric Arc Purnace

Table b6 gives data on the rocking electric furnaces.

77
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6
lo_Arc Purnaces .

Furnagce Capacity, Eloctrode Dismoter,. _|
tons m

0.10 7
0.25 75
0.50 100
1,00

uency Furnaces

Of the high-frequency furnaces, the coreless furnaces with machine generator
have proved satisfactory in stesl-melting practice.

Sstup of Installation. The coreless induction furnace is constructed as fol-
lows (Pig.38): An alternating electric current is fed to the furnace coll, known as
inductor. Thie current, passing through the inducator, produces an alternating mag-
notic field, penetrating the furnace lining and the lumps of the metal charge in the
crucible. The eddy currents, generated in the metal, heat the charge to the melting
point. Originally, such furnaces were operated on high-frequency current {up to |
100,000 cycles); later, it was found that they could be operated at relatively low
frequencies (500-2500 cycles). Modern installations with machine generators oper-
ate at this frequency.

Purnaces with machine generators are assembled from the following basic units:

a) induction furnace (usually two furnaces in a set);
b) capacitor batteries

¢) high-frequency generators;

d) exciter for generator (amplidyns);

e) electric motor for driving the generator;

£) electric installation, measuring, blocking, and starting apparatus.

78
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The furnace consists of a crucible, Thnped of refractory caterial and pdaced

: within the inductor; the orucible is from a specially designed conical pat-

4
T} torn, which, after stamping, is extracted |or melted out.

"7 the inductor is a copper tube through which an alternating electric current is

|
passed; the inductor is cooled by running water and is insulated from the side of

10
~| the furnace by a spocial paste and sheets of dielectric materisl (micanite or ubes-l

124

_4@03)0
14 .

d)

Fig.38 - Diagran of Induction System with Machine Generator
a - Induction Purnace; b - Capacitor; ¢ - Exciter; d - Generator;

e - Motor

The battery of static capacitors permits considerable saving in generator power.
It also permits regulation of the cos ¢ of the installation, within limits close to
“1. In installations with generator machines operating at relatively low frequen-
cies, flat capacitors of metal foil with a thin layer of paper (insulating material)
with water—oil or oil cooling are used; at higher frequencies, mica, ceramics, or
air are used as insulators for the capacitors.
The generator is used for producing a high-frequency current, induced in the
_ winding located in the grooves of the stator; the stator also carries the exciter
winding (pole winding). The rotor and stator have projections and recesses which

produce a pulsation of the magnetic flux on rotation of the rotor.

19
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The exoiter is & direct-current mchgno for producing the exoitation current in;
' |

the _rotating generator; the exciter feeds ithe_pole wirdings of tha stator of the "
1

rdinary alternating-current motor of
industrial frequency; its purpose is to drive the rotor of the genorator and axcitar.'
Table 7 gives the technical data of the principal oquipment for several types
Jof high-frequency furnaces which are most widely used in industry,
B Furnaces of Type PO-150, IV-60. The high-frequency installation consists of a

14

‘o

_.8et of the above oquipment, In the foundry shop, the mounting to the pouring stage
T s usually done so that the furnaces themsolves are an tho stage, while all the eled—

ok

1
L

Ttric equipment (generator and motor, capaditors, starting device, etc.) is in a spec~
‘ 1ally equipped room. a1l controls of the installations are placed on a switchboard
mounted on the wall, separating the generator from the melting areas.
The generator roam st have proper foundations underneath the electric motor

and generator, 6asy access for servicing all units, a water supply for cooling the

>
>
i
2
-

capacitors, and a lifting device for use when the generator and eiectric motors are

>

to be removed for overhauling and replacement. There must also be a satisfactory

-~

suction ventilation equipment with dust filters for cooling the operating units;

EEL v
Y e
A

dirt and dust are absolutely impermissible in the generator rooa, since they lead to

trouble if they get into the high-speed machinery, The door of the generator roonm

Sroae

must be so blocked that entrance into the room is entirely safe. All wires from the
units are placed in special conduits designed for accamodating the necessary cross
sections of the cables and bus bars, which must be protected properly,

The dismountable equipment PO-150 and IV-60 comprises two furnaces in the set,
of 150 and 70 kg capacity; however, only a single furnace of the unit can operate at
one time, The second furnace is for standby service, The connection of either fur-
nace is effected by means of a hinged knife-surtch, mounted in the generator roon,

The Jnife-switch can be ewitched only when the installation 1s entirely turned off.
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Control funnels are mounted to the malting floor to supply water for cooldng

| the industors, contacts, end capacitor of [battories. The temperature of the outlet
wator must not exceed 10°C. In addition, |the water flow must be contimous. If the

“[vaste water stops flowing trom any pipe, this indicates ologging of the connection,

“lor trouble. The systen must then be turned off and the trouble corrected.
10— '

The IV-60 system differs from the PO+150 not only in power and productivity,

AN
]bu\. also by the fact that, in the former equipment, an attempt was made to build a
'

B single motor—generator unit. Put this arvangement has its weak points; the bearings

- operate inefficiently on the generator side, the coumon shaft is not protected from
" axial displacement, the lubrication system does not operate properly, and oil from

"* “ithe bearings is hurled on the motor winding during operation.

‘ It is to be hoped that these shortcomings will be eliminated by the wElektrik®
plant when it produces the next batch of machines, since the need for 60-kg furnaces
for steel melting is very great, particularly in precision casting.

In the TV-60 installation, the furmaces can be mounted directly on the floor
instead of on a platform since their height is relatively low. The furnaces are not
oquipped with a rotating mechanism; this is made up on the spot in the form of &
handwhesl with a reducing gear or is replaced by a hoist or telpher. The output of
the IV-60 installation is 35-37 kg of steel per hour. The melting of 60 kg steel in
a cold furnace takes 1 hour 35 min to 1 hour 45 min; {n the hot furnace 60 kg of
steel will melt in 1 hour 20 min.

The PO-150 installation, in view of the large size of the furnaces, is mounted
on a special platform (Pig.39). The furnaces are provided with rotating mechani sms
having a chain drive from a separate electric motor; the angle of maximm rotation
of a furnace is 90°. The P0O-150 furnace is not designed for direct pouring of
preciaion-cuting molds and is generally used for preparation of the alloy. Its out-

put is 72-75 kg of steel per hour. The melting of 150 kg of steel in a cold furnace

takes 2% to 2} hours; in the hot furnace, 150 kg of steel will melt in two hours.

8l
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Table 7

Technical Data of Principal Equipment of High-Prequency Induction Purnaces with Generator Machine

€)

a4)

w |

L COSF

l)‘

U]

o)

q)

1 3000 5

|
L
|

80 220380
3T5 6000

30
) . 00
w) ' 500

2950
1450

50 )

% |

v)

150
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a) Type of installation; b) Purnace capacity (steel), kg; c) Driving electric motor; d) Frequenqy Generator;
gh'equencyof feed current, cps; I)ﬁgeot '
Prequency, cps; r)} Type of current; s) PO-150;

e) Power, kw; f) Voltage, v; g) Efficiency; h) coseii) rpm; k
current; m) Poser kw; n) Efficiency; o) Voltage, v; p) rpm; q

t) IB-60; u) AYakS; v) Three-phase; w) Single phase

x) ‘
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1)

ce)

|
|
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s) 0,65
1) 1,0
“) 00 2.5

x) Table continued; y)
bb) Capacitor battery;
hh) Power of one bank,
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0,75—1,5
15

e of installation; z) Furnace capacity Ssteal) kg; aa) Exoiter for
cc) Power, kw; dd) Voltsge, v; ee) rpm; ff

Type of current; gg) Total
kvar; ii) Voltago, v; JJ) Froquency, ops; kk) Loss, %; 11) Direct currcn,
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Tining of the IV-50 apd P0-150 Furnates. The first step in lining these fur-
The inductor must be insulated to

A AR

Fig.39 - General View of Helting Platform for Induction

Purnaces with Machine Generator

Tre o r i)

LY

prevent short—circuits betwsen the windings and breakout of metal from the crucible,

In case of such an accident, an uninsulated inductor might instantaneously catch

fire and fail; overhauling of the inductor often roquires complete disassembly of
the furnace and prolonged stoppage of the {nstallation. In addition, application

of a smooth insulating layer to the inside of the inductor facilitates the work of

packing the crucible.
Before insulating it, the inductor must be throughly cleaned and painted with

two coats of ensmel paint.

The composition of the mixture for insulating the inductor is as follows (in%):

Quartz sand, K 50/100 50

Quartz dust 15

Chamotte brick, shards (grains passing
screen No.4L0)

Aumina cement (grades 300-500)
Waterglass (sp. gr. 1.25)

Water

\

. N " . ' . ‘ T 1 L .A . -
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o:r_' In view of the rapid setting of alumina cement, no 1arge quantities of insula-

‘_Lting mixture can be prepared in advance.
‘- The dry ingredients are woighed in the above percentago ratio amd are thoroughly
: mixed in a laboratory crusher for 10-15 min. The waterglass is then diluted with a
measured quantity of water, poured into the dry mixture, and thoroughly mixed. The
mixture should have the consistency of heavy cream.

The prepared mixture i{s immediately applied to the inductor from the inside,
and is forced out between the turns of the inductor. The roughness of the layer is
smoothed from the inside. The thickness of the insulating layer must not be less
than 3-5 mm. After the inductor has been completely covered with the insulating
layer, it is allowed to dry for 8-10 hours, after which it is further dried with an
electric heater for L6 hours at a temperature of 100-120°C. The cracks in the
paste formed after drying, must be 7{1led with the same {nsulating composition from
inside the inductor. The outer surface of the inductor need not be insulated, but
the insulation of the spaces between the turns must be carefully checked. In order
to protect the {nsulating layer when the lining is packed in, the insulated inductor
zust be covered with asbestos sheets from the inside®.

The furnace, with the inductor prepared in this manner, is now ready for lin-
ing.

The lining may be either acid or basic in composition and, «ccordingly, forms
acid or basic slags or melting of the metal. Acid linings are based on silica (S103)
and are made of a special dinas brick, or are made by packing quartzites or quartz
sands. Basic linings consist of magnesite, dolomite, or chromomagnesite, and are

either made of brick or are packed from the corresponding powdered materials. The

e e e

#Another formulation for insulating the inductor is in use, with ethyl silicate as
the binder. However, this mixture is more expensive and yields no noticeable advan-

tages over that described above.
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Tining composition largely 1y determines the sibsecient, process of melting the metals

scid.or.basic slags are used, the individual elements (such as silicon) are differ=

| ently proportioned, and the process of deoxidation of the mstal is conducted differ—

entldy.

pasic Lining. Chromomagnesite io widely used for basic lining.

The small dimensions of the furnace and the very thin lining layer do not allow
high-frequency induction furnaces to be lined with ordinary brick; such furnaces are
lined by packing, using a sweep, with a special lining slurry, prepared in tha fol-
lowing manner: Chromomagnesite brick (shards) is crushed in a special crusher and
screened, For the 1ining slurry, the chrozomagnesite granules are taken in a stric-
tly determined ratio with respect to grain size, as follows:

Grain size Mo. 12 102
Grain size No. 30 308
Grain size No. 70 and finer 60%

To this, 6% of fire clay, dried, crushed in a crusher or on crushing rollers,
and graded through screens No0.30, is added. The material is thoroughly mixed and
moistened with an aqueous solution of borlc acid (12 gm of boric acid per liter of
water). For moistening 12 kg of the prepared 1ining mixture, 1 liter of boric acid
solution is needed.

The moist mixture is thoroughly mixed ard covered with wet burlap. Letting
the mixture stand in this state for 3-L hours {s recompended. The mixture, "swells”
end acquires more plastic properties, after which it is ready for lining the fur-
nace. In moistening the mixture, particular care must be taken to avoid unmixed
wet lumps and poorly wetted places.

Special sweeps are used for lining high-frequency {nduction furnmaces. The
sweep is made sharp, with an insignificant 1ightening, for lining furnaces of small
capacity; for the 60-kg furnace of the type 1v-60, & collapsible sweep of three

wedges 18 usex\; for large-capacity furnaces (200 and 500 kg), a welded sweep is
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tin oﬁi&sfmla"ﬁﬁf Iron savyp to welght Tt whei tHe T4RIAE I8

tor, rirst insulated, is then packed on the dide nll!!ith_gbea-‘

cked. The induc
tos board. Hext, the sole of the furnace ic packed, usually to the second turn of
4,0 win thick and 4¥

[ .
_] the inductors The 1ining elurry is spreafl in an oven 1ayer 30-
After packing the furnace vault, the sweep is:

inductor, it is tixed by three wooden

1
!

e i s s —
et

e
»

'~} rammed in tightly with motal rammerse
” placed in position. In the upper part of the

PR

wedges to prevent it from shifting. The space between the inductor and the sweep

f11led with 8lurry, also in 30-50 ms thick layers,

lining 18 and is rammed in 8

circle with rammors. Aftor ramming the next layer, pefore spreading & new portion

AT AR E

of the slurty, it is recommended to scrateh the rarmed layer slightly with a crovw-

bar, so as to prevent (to & certain extent) the l1ining from peeling. The durability

of the lining during the melting process largely depends on the
pared and on the density with which it is packed.

care with which the

SNy

1ining slurry is pre

The lining, once started, should not be interrupted until finished, since any

{nterruption in the rarming Jeads to peeling which, during operation, =ay be the

veginning of a crack in the lining.
o must be thoroughly dried. After i, to 6 hrs, the sweep may

The lined furmac
be removed from the furnace (if it is sharpened or puilt-up). Ina welded sweep,
s are usually dril-

which cannot be removed {rom the furnace, 8 large mumber of hole

rying. The natural drying of the furnace is continued for not
ement 18 installed in the fur-

led to facilitate d

less than 2L nhrs; after this, the electric heating el

nace, and the furnace is dried for another 12-2l hrs, depending on the volume of

the lining. The dried furnace can then be charged with metal for the first flush-

ing heat.
The first heat in a newly lined furnace must be conduc
Usually, the rirst heat proceeds two or three

ted as quiescenbly as

possible, using the lowest power.

times more slowly than the regular heats., The metal from the first heat cannot be

used for casting parts, since it 18 strongly saturated with the gases liberated by
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-—Ttho new lining. Tho first metal should be superheated in the furnaco as much as '

@)

,.%,poanble and rapidly poured oute This keops the lining clean, 5o that the crucible
4

| can bo checked thoroughly in the hot state, nin the light®, when the smallest cracks

b i A

{ i 4n the lining become visible, Iron is retommended for use in the first flushing
 hoat, and should be brought to a temperature of 1450-1500°C.
Acid Lining, The lining of a furnace with acid material is performed in exact-
1y the same way. Theo only difference is that the chromomagnesite is replaced by

quartsite. The process of packing the furnace, natural drying, drying with warm-up,
and the first melt are performed in tho same way as in lining with basic material.

In some plants, the furnaces are drisd by passing current from the installation

g P ﬁﬂmr.‘.ﬁ—t:%‘%ﬁa %

through a welded sweep. This method of drying has not proved satisfactory and the
froequent switching on and off of the power plant will always cause damage; therefore,
this method of drying should not be used.

Repair and Maintenance of the Lining. The part failing most frequently is the
so~-called gate of induction furnaces. This is the upper part of the lining, running
from the last turn of the conductor to the top of the furnace with a certain upward
flare, as well as the lining of the tapping spout of the furnace. The fact that
these parts fail first is explained by the corrosive action of the slag during melt-
ing, and by the deposits for& on the tapping spout during tapping.

The defective parts of the lining should be cleaned of slag and filled in with
a lightly rammed lining slurry, having a somewhat higher clay content (up to 10-12%).
Complete replacement of the furnace gate portion is pormissible. The lining repair
must be done carefully, avoiding all cracks.

After each heat, the lining must be inspected by the foreman, who decides

whether it is suitable for further use.

IX. MELTING OF METAL AND POURING MOLDS

Brief Data on Alloys used in Precision Casting
“ Almost all known metals and alloys can be cast into parts of the most intricate

87
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Feaision casting. Howdver,
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with these alloys can be obtained by &
ing into metal molds or chill
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whose melting point doed not exce
i since high finish and very exact castings
ive method, namely pressurs cast

~ casting. Exceptions are certain complicated parts of bronze,
rances as much as possible.

ing in order to reduce the tole
s different in casting high-alloy steels and other alloys,

‘ _| shorter and less expens
which are cast by pré=
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applicable, while chills
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o number of parts.
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The most important of these conditions is high fire resistance. The property

of a metal of resisting the formation of oxide skins at high temperatures 1is called
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a definite temperature.
t if the gain in weight due to skin

fire resistance.
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P

specimen of metal will yield when subjectsd to tension at a given tost temperature '
and load ,
! Below, brief characteristics (Bibl.15,16,17) of the principal physico—chemical
"_j and technological properties of typical steels and of iron, nickel and cdbaltiai.loys,
e cast by precision casting, are given,

Chromo-Nickel Fire-Resistant Steel Kh23N18 (EI-417)., This steel is used for
casting nogsle rings for gas turbines. Pouring temperature 1500-1550°C (by optical
pyromster, without corrections). Linear shrinkage 2-2.5%., After casting, heat
treatment is recommended: hardening at 1100°C in air. The chemical and mechanical
properties are given in Tables 8,9, and 10.

Table 8

Chemical Camposition of Kh23N18 Steel (in %)

Not Cver

Ni
Mn P

Table 9

Mechanical Properties of Kh23N18 Steel (in Precision Cast Specimens)

At Rocm Temperature At Temperature of 8oc°c

Tensile Elongation,|Necking, Tensile |Elongation,|Kecking,
Strength, % b3 Strength, % g
kg/m kg/mm

53.1 22.6 17.6 18.0

52.0 16.6 19.0 16.8
51.8 21.5 17.8 19.6
50,0 20.5 19.2 20.7
5243 22,6 2.0 17.2
51.0 2045 18.7 17.2

i
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Table 10
Hot-Strength of Eh3N18 Stesl
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Smni » Ultimate
kg/mn Strength,
hrs

16

19

107

Specimen loaded ut.z
bottonm to 13 kg/mm

Specimen loaded ¢t2
bottom to 15 kg/mm

Specimen removed

KhKS8OT Mickel-Chrome-Titanium Heat—Resistant Alloy.

casting gas-turbine blades.

of the alloy.

Table 11

The casting properties of the alloy are poor. The

This alloy is used for

pouring temperature for molds in casting intricate ofenwork parts is 1500-1560°C.
Very strong oxidation during melting. The alloy acquires its maximum hot strength
after hardening at 1050-108¢°C (quenching in water) and aging at 700°C for 16 hrs.

Tables 11,12, and 13 give the chemical camposition and mechanical properties

Chemical Composition of KhH8OT Alloy (in %)

Not Over

¥n
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7 Table 12

Mechanical Propertips of KnNBOT Alloy

At Room Temporature At 800°C

State of | Tensile Elongation, ‘Nockinz, Tensile mon?tion,

Material | Strenghh, % b Strenghh,
kg /o kg /o

Hardened 75

Hardened 105
and Agod

Table 13

Hot Strength of Kn:S8CT Alley

Stresi, Ultimate Elongation, Necking,
kg/om Strength, £ %
hrs

800 15 20 1.3

]

800 10 100 1.0

vitallium-Type Casting Alloy (Tables 14,15 and 16). This alloy is used for
casting gas-turbine blades and guides for nozzle-ring vanes. The pouring tempera-

ture for the molds is 1520—156000. The parts are not subjected to heat treatment.

Table 14

Chemical Composition of Vitallium Type Casting Alloy, (in 3)

Not Over

Pe

3.0-3.75
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i Mechanical Properties of vitallium-Type Casting Aoy
At 800°C

4

6. At Room Temperaturo

. | state of | Tenmsile Elongatdon, Tensile tion

| Material | Strength, S ) strength, T
g/t g/

Lc:n____ 70

LO

Table 16

Hot-Strength of vitallium Type ANloy

AT SRR T ety .,_
M ST U,

Ultimate Elcngntion,

mi, Strength
hrs 1]

15.4 100

a1 steels and alloys are used in

to the above alloys, other speci
ed below), as well a3

In addition
the steel 21-11-2.5 discuss

precision casting (for example,

brongese.

teel from Raw Materials

Preparation of S
it is seldom necessary to produce

In series production by precision casting,
The casting shops are usually supplied with the

gical plants. Such deliveries meet
ertificates giving the chemical com-
of the properties prescri-

steel from the raw materials.
stesls and alloys by the metallur
cations and are accompanied by ¢
alloy and the results of tests

finished
special specifi
position of the steel or
bed by the specifications.

because of certain processing
o8t possible capacity (1000,
ches of the original alloy with

conditions, steel mst be made at the shop,

i,
500, 200 kg) should be used, since

a furnace of the larg
varying chemical composi-~

2 large mumber of small bat
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[on compilcates the procensing and resulfs in “a great variety of chicAltal caHposi="|
tions of the castings. . e |
The purity and grade of the raw materials is particularly important when the
6_'_1.110;' is prepared at the shop. Only materials corresponding to certiin gorinite
jgndea, defined by technology and accampanied by certificates, should be put into

4

production. Each new batch should be tested in chemical or spectroscopic laborator—

ies for harmful impurities like sulfur and phosphorus, as well as for elements which

PN

vary in their percentage content during the melting process more than other elements,
dus to irregular axidation loss or due to the composition of the lining or of the
slag. This is made necessary by the fact that a low-grade batch of any material, in

addition to causing spoilage of the parts cast from this batch, will also, to a

.

large extent, ruin the reclaimed motal that goes into the charge in the form of
gates and risers, and will exercise an unfavorable influence on the quality of the
castings produced.

Basic Requirements for Steel. Parts cast by precision casting must meet the
assigned chemical composition; therefors, the content of individual elements in
steel is often held within very narrow limits.

The chemical composition of the steel is determined primarily by the composi-
tion of the charge, which may consist either of pure metals or of their alloys. For
alloys on a ferrous base, additives of elemsnts like silicon, manganese, tungsten,
molybdemum, vanadium, titanium, and others, are often introduced in the form of
ferrous alloys (cf.Tables 20, 21, stc.).

The smaller the amount of harmful impurities in the individual constituents of
the chargs, the more carefully the charge has been selected, and the more accurately
it has been calculated for all elements entering into the alloy, the more exactly
will the chemical composition of the alloy produced be maintained,

The chemical composition of an alloy depends largely on the technology of melt-

ing. The order of loading the charge, the temperature conditions of the melting,

93
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o ' the duration of the melting and pouring, all substantially affect the fluctuation of
‘ lzho chemical composition of the alloy. In protracted heats, the oxidation loss of
"I the individual olements is increased, which changes the chemical composition of the
.alloy. Tho smolting furnaces themselves also influence the chemical composition.
For example, in working with an electric arc, considerably less carbon should be in-
cluded in the charge than when smalting an alloy in high-frequency furnaces, since
the graphite electrodes used in arc furnaces somewhat saturate the alloy with car-
bon, while when an alloy is amelted in high-frequency furnaces, the carbon is par-
tially lost by oxidation (volatilized in the form of CC and 002). Alloys in which
the silicon content is held within narrow limits must not be smelted in furnaces

with an acid lining of quartzites, since this will increase the silicon content in

the alloy and the silicon will "burn in" at the expense of the lining. The type of
flux exerts a considerable influence on the chemical composition. Covering the sur-
face of the molten nmetal in the form of slag, the flux reacts in a certain manner
and modifies the chemical composition of the alloy.

The purity of the pigs of cast alloys i{s of great importance for precision
casting, which explains the rigid specifications for rprecision castings of vital
parts. Pigs contaminated by inclusions of disintegrated furnace or ladle lining, or
poorly removed slag, cannot be accepted for the production of precision castings.
For this reason, the lining of the smelting furnace must be rert in good condition;
the liquid slag must be removed before tapping the furnace, first thickening it with
a special additive, or must be brought into the solid state in the form of a crust,
tapping the metal from under the crust; the slag is easily trapped by special stop-
pers and teakettle ladles.

In melting, under the influence of high temperaturs, the tendency of an alloy
to oxidize is greatly increased. Oxide films in the metal form weak and friable

spots, that interfere with the contimuity of the material, This impairs the mechan-

ical properties of the castings. The oxide films must be controlled by proper selec-
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"+ tion of the flux and careful conduct of the process of melting and pouring, Melting
~ and pouring of metal under a protective atmosphere of inert gases has recently been
widely applied in foundry production. To reduce the films, the pouring should be

done as rapidly as possible, which is accomplished by the use of stopper ladles,
Specially constructed warming risers on the ingates have proved satisfactory in the
control of axide films,

To remove the iron axide (PeC) dissolved in the liquid steel, which lowers the
purity of the pig, special materials known as antioxidants are introduced into the
liquid bath, shortly before pouring.

The antioxidant most widely used in steel smelting is manganese; this is usu-

ally introduced into the molten steel together with silica, since manganous oxide is

slightly soluble in stsel, Aluminum energetically deoxidizes steel; the alumina
(Ll203, a very refractory product, which {s formed or deoxidation dces not dissolve
in the steel but passes completely irto the slag. At present, compound antioxidants
are widely used. They contain two or three reducing elements (silico-calcium, etc.);
and are active ant:ioxidants, formirg com~ounds insoluble in steel, which pass com—
pletely into the slag.

Attention should be paid to rational tarping of steel smelted lor subsequent
remelting and casting into parts. 7The ailoy must be tapoed .nto a mecld convenient
for later remelting. 3pecial cast-iron ingot molds are used for this purpose, The
alloy cast into such ingot molds is then relatively easily divided into lumps (™pigs™)
which are convenient for subsequent remelting. Sometimes shills and half-chills
(a type of small ingot molds) are used for tapping the alloy. The alloy can also be
cast into sand molds, where the metal is poured into very small pigs, convenient for
subsequent remelting of small portions of alloy. A sufficient number of molds must
be available so as not to delay the tapping (which favors oxidation of the alloy
and its solidification in the furnace), which should be performed in the shortest

possible time.

i
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Below, examples of the smelting of stesl in arc and high-frequency furnaces
with acid and basic lining are prosented.

Smel £ 21-11-2,5 Stecl. As an axample of the fabrication of steel in an
acid arc furnace of 1.5 tons capacity, we present & heat of 21-11-2.5 steel.

Chemical Composition and starting Materials. The chemical composition of the
smelted steel must meet the specifications given in Table 17.

Table 17
Chemical Composition of 21-11-2.5 Steel

Chentcal cm;n{onﬂxn % .

Composition of Steel Fe 3i

\:y Specifications Rosidual | C.10-C.25 | C.7-1.5

Composition for Residual
Figuring Charge

Zont:nued
chemical composition .n 4

Composition of Steel Impurit.es, not (ver

3 ¥ Mo

By Specifications ‘ e 5=0a20 | SedlC | Coll5

Composition for
Piguring Charge 11.5 2.55 CelC e (R6 | L.O3E

The steel is smelted in an acid electric arc furnace; up to 30% of degreased
and well-dried shavings are added vo the charge and up to 30% of lump scrap
21-11-2.5 steel. The remainder of the charge consists of fresh materials of the

chemical composition glven in Tables 18-27.
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Table 18

Low-Carbon Steel (by GOST 3836-L7)

Chamical Composition in %, not Over

Mn

Si

S

Cu

0.040

0.20

0.20

0.3

0. (R5 0s15

Note. Copper content over O.

rejection of the steel,

Table 19

Kickel, by GCST 8L9-49

15% up to 0.38% is not considered a cause for

Chemical Composition in ¥

Than

¥{ and Co
Together
Yot Less

mpurities, not Cver

S

LT57=0G

Designation

Chemical Compcsition in ¥

Al Si

hot Less
than

Carbon-Free
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Tablo 2L
Perrotungsten (by GOST 1,758-49)

Chemical Composition in %

L] Mn I Cu P c si As

Not Less
than

70.0

Table 22

Perrotitanium (by GCST L761-49)

I

shemical Composition in 3

Al
T r S

Not Less
than

8.0

Tab.e 22

vetallic Manganrese (by K37 SOB-TL,

Chemical Composition in %

Mn s*.\PlAJ Fe c\;]:ls

kot Cver

Not Less
than

9s.0

1
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Table 24

Ferrosilicon (by GOST 1415-49)

Chemical Composition in %
Cr P ]

Table 25

Ferromanganese (by GOST L755-49)

Chemical Composition in %

Mn Si P

Not less
than

80,0

BC.C 1.5¢

Table 26

Silicocaleium (by ST L762-L9)

Chemicai Composition in I

Ca ] Ca+3i S F

Not Less than

28.0C I 90.0 2.5C

Table 27

21-11-2.5 Steel Scrap

Calculated Chemical Composition in %
Porm of Scrap c Si Mn Cr Ni W Mo S P |V

Ti

Lump Scrap or 0.17 1.0 0.80 } 21.3| 11.0| 2.3 | o.10| 0.2 | 0.03
Shavings

Note. In figuring a charge, the necessary quantity of titanium wi)l be deter-
mined without allowing for it in the 21-11-2.5 steel scrap.
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Figuring the Charge, In figuring the composition of a charge, the coefficients
_;of incorporation of the elements in the heat of steel (Tablo 28) mst be taken into
‘consideration.
Table 28

Coefficients of Incorporation of Elements

Element 31 Cr Hi Mu ™

Coefficient of | 1.0 1.0 O.L
Incorporation

The percentage content of individual components in the charge (a) is determined

by the formula

100 H — M ¢
KC '

calculated poercentage compound of the element in the charge;
percentage content of lump scrap and shavings of 2:-11-2,5 steel;
sercentage content cf element tn 2i-li-2.° steel scrap and shavings;
percentage content of elament in ferrcus alloy;

C = coefficient of intcrporation of elemert (5

Then, the content of ferrcsilicon in

(LTSRN I U 0,420,

hi
in figuring the charge, this will amount %o

17400 0,62

=0,3 K
100 ks
The content of manganese in the charge will be

100 0,84 - L)Y UK OO0 109" or 16,43 Ky

da =" 95 0,55

The content of ferrochromium in the charge will be

100 21,0 — 001,34 0.9
=- ’ -=16

= 00, o 2
3 0y 0. - U, ® 43.0 heq.

' .

~
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The content of nickel in the charge will bo

_ 100-11,5—60-11,0-1,0 _ ar o
a, 635,10 4,974%, 74,61 K.

The content of ferrotungsten in the charge will be

100 2,55—-00 2,3-0,95
=

. —= 1,86, er
70 0,95

The content of ferrotitanium in the charge will be

1w v, i

a, =
¢ 1504

=1,39%, o 20,85 Aq

(no allowance is made for the titanium content of the scrar).

The content of 21-11-2,5 steel scrap in the cnarge will be

a, = £ or 90C kg

The required quantity of low-carbon steel wiil be focund from the difference

between 1CQf and the sum of the calculated componerts:

By = 100 - 85,934 = Ll %, or 21..99 kg,

3ince charcoal i8 introdaced ints *he [i7uid tath Jduring tne secxidation, the
process of which s determined techncicgilcaily, "¢ ca.culatior .s ~erformed [ the
carbon contert.

Let us check the calculated charge for ore -! the harm{ul elezents, for in-
stance, for sulfur, which is cortaired ir all cf tne cnarge componenis. The fol-
lowing amounts of sulfur will te introduced:

With the ferrosilicon, 83 @ " = C,002 kg;
Ho
With the ferrochromium, 2143 ¢ < 0 04 = (.97 kg;
100

With the nickel, _N_MI_M_".E = .22 kg;

With the ferrotungsten, 2"_""(‘”"_"5 - (.02 kg;
.

With the ferrotitanium, L_ﬂ%,_“_“s - 0.QAC kg

With the iron, L‘L""_Izo_’lﬁ = 0,063 kg;
900 x O 02

With the steel scrap, o

= 0.180 kg.
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In all, 0,396 kg of sulfur will be introduced with the charge; its percentage

content in the charge will be

0.396 = 100

1500 = 0.026%

which corresponds to the specifications.

The results of the determination of the percentage composition of the charge
and the weight of the individual components of the heat is entered in the process
chart of the heat (the charge sheet).

Preparing the Purnace for Smelting, For preparing the floor and sloping sides

of the furnace, a repair lining slurry of one of the [ollowing compositions must be
mixed on crusher rolls:
a) Lyubereka sand
Tambov earth

Techricali molasses

) Lyubereka sard Q9f
toric acid i
The mixirg time for the rerair siurry is 15-I0 =in.
After tapping a regular heat, the [loor and sides ¢ tne furmace must be
cleaned of slag and deposits while ~ot, ard must te jatcned wherever necessary with

the re r siug by mears of a special s e (repair shovel )., The icor is closed
t 13 /

after the repair and 1L to 15 min time is allowed for the slurry to cemert itself
to the sole. Then clean and repair the tapping spoat of the furnace, replacing the
bricks if necessary.
Next, place the electrodes ir such a way that they reach the entire melt with-
out building up. Before charging, 1ift the electrodes to the upper position.
Before charging the furnace, three or four shovels of freshly burned lime must
be thrown on the sole to improve the conditions of slag formation.

The weighed-out materials are charged in the following order: 30-L0% of shav-

1=
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[ R
_J‘ ings are sprinkled in an even layer on the sole of the furnace, after which the

l largost lumps of the chargo, remelt, and row materials (except for the metallic man-
' ganess and forrotitanium) and all of the fines, together with the remaining shavings,

_ are thrown in. The lumps of ferrochromium are arranged along the slopes of the sole.

’

Attention should be paid to the density of packing of the charge, since a loose
charge hinders the burning of the arc and may cause breakage of the graphite elec-
trodes and saturation of the metal with carbon.

Melting and Refining of the Mstal, The charge turnace is started up for the
melting. In order to start the furnace, the choke coils must be turned on, the
transformer switched to delta connection, and the oil valve and automatic electrode
foed turned on. After stable arcs are formed, the current intensity is ad justed.

It must be in the range from 270C to 3500 amp. As the liquid metal is formed on

the electrodes, szall amounts of the slag mixture are fed to the liquid bath. This
mixture consists of two thirds of guartz sand and one third of freshly burned lime
(parts by volume ).

After the metal i8 completely meited, % kg of ferromangenese, brand ¥nl or ¥n2,
is fed into the furnace, after which the metal must ve heated ap, the bath carefully
stirrod, and a sample taken. A sample, ir the for® (f a2, * 20~ 3 mmbar, is
sent to the rapid analysis room for determining the carbon, silicon, manganese,
chromium, nickel tungsten, and titanium content.

All the slag is next pumped of 7, and 3 kg of finely ground silico-calcium i3

placed on the surface of the metal. Xew slag is added and diffusion reduction is

performed. Before the reduction, the transformer must be switched over to star

connection and the current strength adjusted to not over 1000 amp.

The diffusion decxidation is performed by a mixture of the following composi-
tion:
Ground silico-calcium 6 kg

75% ground ferrosilicon ¢ kg

-
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6 kg
Quarts sand (dry) 15-20 kg
Freshly burmed line 9-12 kg

The mixture is first mixed thoroughly and then fed into the furnace on top of

the slag in soveral portions. The metal and the slag, before charging of each por-
tion of the mixture, is likowise thoroughly mixed. HNo local overheating of the
slags should be permitted, since this causes a sharp reduction of the silica (forma~
tion of white smoke and flakes). In addition to thorough mixing, the furnace must
be turned off for a few minutes, if necessary, to avoid reduction of the silica.
After the report is roceived from the rapid analysis room, the chemical compo-
sition of the metal is, if necessary, corrected. It is then heated to 1570-1600°C,
while measuring the temperature with an optical pyrometer. FProm the bath, heated
to this temperature, a sample is taken with a dipper and a test bar is poured, This

Lest bar must have a concave meniscus, and the metal must harden without iiberating

gas. The metal sample is taken before addition of the ferrotitanium and metallic
manganese.

The meta. heated to the assigned temperature is mixed with the calculated
amount of ferrotitanium, followed !n 2-3 man by an addition of metallic manganese.
The metal is maintaired (for 5 to »~ min, under currert, after which it Iis thoroughly
mixed and the temperature is again cheched.

Tapping the Metal from the Furnace. The [inished metal is tapped into a ladle

for subsequent pouring. The ladle must have a lining in good order, must be cleaned
from deposits, and heated to a cherry red color. The ladle is heated in an oil fur-
nace by means of a nozzle. lo soot from the oil is allowed on the ladle; if con-
taminated, the ladle must be reheated by a blast with a smokeless {lame.

For tapping the metal from the furnace, the tapping hole must be cleaned of
sand and the sand removed; the ladle is then placed under the tapping spout of the

furnace, the furnace is turned off, and the tapping spout is scavenged with compres-

STAT,

L]
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“Tsed air. Then, by knocking with a long plck of 30-35 mm diameter, the tapping nole

- tmat be broken through and separated. The furnace is then rapidly tilted to retain

" the slag in tho furnace and 111 the ladle with metale. The metal is poured in accor-

dance with the procedure for pouring established in the shop.

Aftor tapping all the metal, the furnace must be cleaned of slag and prepared
for the next heat.

If the metal is being poured in several portions, the netal remaining in the
furnace must be corrected after every pouring for the manganese and titanium con-
tent by adding, if necessary, ferrotitanium and manganese.

In pouring the metal, {ts temperature at the pouring spout must be within the

range of 1570-1600°C, as checked on the optical pyrometer.
It is compulsory to perform the operatior. of pouring +he metal in the presence
of the foreman and according to his instructions.

Smelting of Kn23N18 Steel. This steei :s smelted ir high-frejuency PC-15C in-

duction furnaces of 200 kg capacity, with a chromomagnesite {basic) lining.

Chemical Composition of Steel and Calculation of Charge. The chemical composi-

tion of the steel must meet the special specifications (rresented in Table 29). Up
to 70% of lump Kh23N18 scrap steel is irtroduced, with the rest veirg fresh material.
For the smelting of steel, soft iron, ferrcchromium, ricke., ferrosilicor, marnganese,
and other materials, having the chemical compositior indicated in Table 18-2f, are
used. Low-carbon steel (5t.10-3t.25) may be used instead of soft iron.

The composition of the charge is figured for all elements (allowing for the
coefficients of incorporation from Table 28) in a manner similar to the above-
given calculation for 21-11-2.5 steel., The results of the determination of the per-

centage composition of the charge and the weight of the irdividual components of

the steel are entered in the charge sheet,
Preparing the Purmace for the Heat. After tapping a regular heat, the crucible

of the furnace, in the hot state, is cleaned of slag and is checked for the absence

L 3
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Table 29
Chemical Composition for Calculating the Charge of Kh23N18

Chemical Composition in %

Composition of Steol Hot Over

Si Mu

By Specifications Residual 1.5

Coxposition for Residual | 23.5
Calculation of Charge

of cracks in the lining and for deeply corroded places. The daefective places in the

lining are filled with repair lining slurry. 1f there is a defect in the lining,

the foreman decides in every case whether it is suitable for further operation, and
whether melting is possiblie.
The weighed materials are racked as tightly as jossible into the crucibie.
The individual lumps of tnhe zharge mus" ~ct e \arger tnar .50 mm .° d:iareter., The
nickel and ferrochrozium are -laced at tne nottom of the crucible, followed by the
rezelt of Kh23N18 steel. nefore the melting, a flux of the fcilowing composition
must be prepared:
Unslaked freshly burned 1
Metallurgical magnesite
Fluorspar
The lime is usually fired in lumps at a temperature of 8U0-90C°C for L-5 hrs.
All ingredients are crushed and passed through a Mo.30 screen, and are then mixed
in a pebble mille The flux must be stored in a dry place in a closed container.
In all, L-5 kg flux are used to a heat of 200 kg.
Helting and Refining the Metal. Smelting of the charge is done at full power.
As soon as liquid metal has formed, the slag {s produced by sprinkling the first

portion of the flux into the furnace.

~
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Since, bocause of the emall capacity of tho crveible, 1t 1s not alwys pos !
to_charge all of the weighed charge into the furnace, as the motal melts and tho
'ohargo settles, tho remaining part of the weighed portion mist be added, gradually
! sottling the charge with a bar he charge to be added must be preheated to prevent
A penetration of moisture, which may lead to an ejection of liquid metal from the fur-
nace. When mpridges® are formed (hanging of tho charge in the furnace) they st be

removed ("settled™) by 8 bar, without sharp impacts, 1oosening the hanging metal
lumps by lifting them upward.

After melting the entire charge, the metal is carefully mixed by means of the
var, and its temperature is increased to 1500-1530°C, 88 indicated by the optical
pyrometer. All the slag is then removed, and manganeseé is added to the metal; if
necessary, finely ground powder of graphite electrodes is added. The metal is

mixed and the 8lag is again removed. The temperature of the metal is then raised to

1520—155000, as read from the optical fyrometer.

After again removing the slag, rerrosilicon is introduced into the bath. The
metal is kept under current and under a new portion of flux for 56 min; a test bar
is then poured. 1f its crystallization is satisfactory and Mgrowth" i3 absent, the
pouring can be started.

Tapping Metal from the Furnace. As in the previous example of smelting in an
arc furnace, the ladle must be carefully prepared and heated to & cherry-red coloT.
In smelting an alloy in a high-{requency furnace, the metal is usually not sub jec~

ted to analysis in the spot-test 1aboratory; however, for particularly vital cast-

ings, an analysis must be made for chromium, nickel, carbon, silicon, and manganeses.

The finished metal is tapped through the pouring spout into the ladle by tilt-

ing the furnacee The furnace must first be turned off (in the presence of the fore-
man or the crew chief and under their auperviaion).
After all the metal has been tapped, the furnace, in the tilted position, is

cleaned of slag while hot and is8 prepared for the next regular heat.

a7
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] The alloy smelted in large—-capacity furnaces 1s usually poured into {ngot molds’
2.

. or sand molds with a tapsr, facilitating its later grinding and woight estimate, on

% ot AL ORI L

2

i ] remelting the metal in emall furnaces.
The freshly prepared alloy is cleaned with a sandblast, stamped with the mumber
. of heat and, after receipt of the chemical analysis, sent to the production 1line for

remelting and pouring into parts by precision casting.

Melting of Metal and Pouring of Molds
The pouring of molds in precision casting can be done either mold by mold or

P31 % ol oy Soiesterd 4 HAz

by groups of molds. In the latter case, the molds to be filled at the end mst not
be undercooled, since this may lead to defects in the casting. Practice has estab-
1i{shed that the conditions for the pouring of ceramic molds (which is the type of
mold used in precision casting) may be considered almost the same, if the pouring i
done within a period of 10-12 min from beginning to end of the pouring.

dhen molds are fired in continuous electric pusher furnaces, the delivery of
each bottom plate with the molds takes place after & definite time interval (1} to
2 hrs). This time must be precisely coordinated with the smelting, so that the
molds do not have to wait for the metal, and the metal is not overheated waiting for
the molds. In this case, all the molds of the bottom plate delivered from the fur-
nace are poured simultarecusly. The number of molds on a bottom plate must be con-
stant and must correspond to the amount of iiquid metal available in the furnace.
Otherwise either liquid mstal will be laft over and must be cast into an ingot mold,
which is very disadvantageous, or some of the molds will remain unpoured and must

be scrapped.
The metal for pouring molds in precision casting is melted in furnaces of rela-

tively emall capacity. Por this purpose an jnstallation with machine generators of
the type Iv-60, with a furnace of 60 kg capacity, or high-frequency vacuum-tube in-
stallations with furnaces of 30-6 kg are used; the useoof automatic arc furnaces

of 3-5 kg 1s not recommended, since they have not been fully developed. The small
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¢ giaﬁélty of the melting furnaces 1o explained by the ralatively small muber of mwlds

: . tobo poured at one time.
The alloy, first melted and tosted for chemical composition, i3 remelted in
_ these furnaces urdor a flux. To the fresh alloy, 50-70% of plant waste zay ve added

if 4t is suitable in its chemical composition (gates, risers, rejected parts.). To

avoid high oxidation loss of the individunl elements and oxidation of the alloy, re-
melting must be done within the shortest possible time.

Technology of Smelting Kn23N18 Steels. A heat of this steel, before pouring
the molds (in a furnace of type 1V-60) mat be performed under the following condi-
tions:

1. Clean the furnace, while hot, f{rom slag and deposits, with & opecial scrap-
er. Inspect the lining of the furnace and, if this {s n satisfactory conditior,
place the furnace in the working position.

2. Charge all the fresh alloy into the furnace as tightly as possible. On

top of the fresh alloy pack the plant waste (gates and rejects) up to the top cf the

furnace. The plant scrap cust be cleared and sandtiasted, Turn on the gernerator,
the capacitor batteries, and the furnace, The power of the ejuipmert, as read ‘roo
a Kilowatt meter, must not exceed 1C «w, and the voltage or *“he capacitor must not
be over 600 v.
3, ‘When the first liquid metal starts forming, 4 a flax of tne following

composition:

Unslaked freshly burned lime 80%

Metallurgical magnesite 15%

Fluorspar 5%

For the entire process of melting FO kg of metal, 1.2-1.5 kg of flux is used.

L. Settle the charge and add the residues of the remelting, placing them on
the still solid charge. If necessary to submerge the lumps of metal in the liquid

bath, the metal to be submerged should be preheated by means of special tongs. As

109
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° —:f'_ the amount of liquid metal increases, kecp adding flux in order to keep thée entiré
T 1iquid surface of the mstal covered by slag at all times.

- 5. After complete melting of the metal, heat the bath to 1600°, as read from

. the optical pyromster, remove all slag, and introduce 120-150 gm of finely ground
preheated silico—calecium into the bath; then, mix the bath carefully and add new

flux.

6. Heat the metal to 1520—155000, as read from the optical pyromster and pro-

ceed to pouring the forms,

=

T e s A
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!

Ladle for Pouring the Metal. For pouring the metal, small graphite ladles

i

(marks) are sometimes used. Alloys of high hot-strength are not sufficiently quies-

e T ton pud it AL
S

e

cent in such ladles; oven in well-heated ladles, turbulence of the metal occurs,

which can be axplained by the intense burn—

i

ing away of the graphite. Por this reason,

special ladles, packed of chronomagnesite
and magnesite, are generally used in pour-
ing the molds for precision casting.

The design of such ladles is very
simple (Pig.hG). In a cast or welded
shell made of roofing tin, a lining slurry

Pig.LC - Pouring Ladle

{s packed onto the bottom. The slurry
1 - Shell; 2 - Lining

has the following compesitior.:
Chromomagnesite, passed through “0,12 screen 9ux
Fireclay, passed through screen No.30 6%
1% aqueous solution of boric acid 7% (of the dry mix)
Instead of the boric acid solution, waterglass of 1.15 sp. gr. may be used
(6=7% of the dry mix). The ladle is packed with the lining slurry up to the top,
around a sweep which is then removed {rom the ladle. The lined ladle is dried in

air for 12-20 hrs, after which it is placed for 1-2 hrs in the firing oven (together

110
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“with the molds), The ladle is removed from the oven togethor with the molds beforse
_ pouring, and placed in a epecial holder; the motal is then poured into the hot ladle,
T According to tho method of pouring adopted (mold by mold, or batchwise ), the

ledle is cleaned of deposits immediately after pouring, and is then again set for
firing, together with the molds, until the following pouring. During pouring, & fow
such ladles must be kept in readiness to replace any that go out of service.

In precision casting during series work, strictly identical molds are generally
used. These molds require the same amount of metal for pouring. In this case, the
use of measuring ladles is recommended. Two-thirds the volume of these ladles is

the volume of metal necessary for pouring the rolds. The use of a measuring ladle

filled with metal to a certain level, which is poured out completely into a single
mold, greatly facilitates the work of the caster, since it guarantsees against over-
flow of metal. A mark to indicate the recessary metal level may be made on the shell
of the ladle with chalk, or it may be marked or tne sweep durirg pacxing of the lin-
ing.

So~called teapot .adles have jroeved satisfactory .r pouring moids in rrecision
casting. Their design car be seer fror Fop.lle This lzdle retains the slag well

and does not require manual shiming ol the siag during pcuring.

?
2
s

Fig.41 - Teapot Ladle Pig.L2 - Stopper Ladle

1 - Cylinder; 2 - Plug; 3 - Stopper rod;

L - Chamotte tube; 5 - Lever device

phnt

i
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_“ In view of the small portions of motal used in pouring molds in precision cast~

' _ying, stopper 1adles aro rarely used, However, the use of rapidly cxidising alloys

"-{ of high hot-strength alloys makes it neceseary to exploy such ladles in pouring.

{ _ Pigure 42 shows an extremely simple stopper ladle which is opened and closed by hand,
Such a ladle is a good catcher for the slag and axide films floating on top.

Measuring the Motal Temperature. In pouring alloys of high hot-strength into
the molds, the correctly selected and accurately measured metal temperature plays an
important role. An optical pyromster is used for measuring the temperature of the
molten metal.

The principle of action of this instrument is based on a camparison of the
luninescence emitted by the molten petal with the luminescence from the filament of
an electric incandescent bulb in the instrument, ‘ed from a dry battery. If the
lens of the instrument is placed on the molten metal, the filanment of the bulb is
visible through the ocular against the background of the molten metal., Sy adjusting
the brightness of the f{lament, the filament carn te made to merge completely with
the background; the filament, as it were, disappears from ‘he background of molten
metal. This indicates that the temperatures ci the molten metal and the [iiament
are equal. The temperature of the filament is graduated accerding %o the strength
of the current heating the filament.

Figure L3 shows the pattern as it appears -n +he z;tical pyrometer Auring a
temperature measurement. In the position (e), tne temperature of the ilament ex-
ceeds the temperature of the metal (the filament :s brighter than tre vackground );
in the position (b), the temperature of the filament is equal to the temperature of
the molten metal (the filament has disappeared ); in the position (¢), the tempera-
ture of the filement is lower than the temperature of the molten metal (the fila-
ment is darker than the background ).

The temperature data obtained with an optical pyrometer are comparative. How-

ever, when working under jdentical conditions, a pyrometrist who is familiar with

STAT

\

eclassified in Part - Sanitized Copy Approved for Release 2013/01/14 : CIA-RDP81-01043R001600030001-6



Declassified in Part - Sanitized Copy Approved for Release 2013/01/14 : CIA-RDP81-01043R001600030001-6

T ke Pttt T 2 T e e R S o e S s

0 ... o o, -
_}'the instrument and the measuring technique, can detormine the ralative temporature
!

:J with sufficient accuracy.
4
'» the Molds from ths Ladle., After the metal has been heated to the neces-
_, sary temperature and deoxidised, the forezan gives the order to pour. On a special
pouring stand whose height is determined
by the height of the molds and the conven-
fence of pouring, molds in a number calcu-
lated from the available quantity of molt—
en metal are stacked. Dry sand is sprink-
led on the casting stand, to catch any
metal spattered during the pouring. The
a) b) )
molds are placed at intervals convenient
Pig.k3 - Luminescence of Filament of
for nouring from the ladle. The casting
Cptical Pyrometer against
table !s set up near the furnace, on a
Background of lLuminescence of
level surface,
Molten VYetal
2y tilting the furnace, a jportion of
the molten metal is poured into the ladle. From the ladle the metal is ~oured into
the mold, While pouring the molds witr metal a founder's helper skims off the slag
in the ladle with a special graphite scocp (skirmer; and sprirkles the pouring cup
and the open risers with a heat-insulating mixture, consisting of 5C% fired asbestos
fines and 50% ctamct‘e powder, Use of such a heat-insulating mixture ensures slow
cooling of the risers and improves the feeding of liquid metal to the casting.

The pouring of molds with metal is one of the most important operations in
casting. The quality of the casting depends largely or the height {rom which the
teeming takes place, on the pressure produced, and on the absence of slag and other
inclusions. In view of this fact, particular attention should be paid to pouring
of the metal into the mold. It is the duty of the foreman and the founder to pre-

pare each pouring carefully, to check the working position and equipment before

13
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_f—mung, to inspect tho molds, and to strictly assign the duties to all opori\tox:a_,“ '

2

_,LJo as to prevent unnecessary confusion during the pouring and to avoid oversights.

Centrifugal Casting of Molds., Tho insufficient strength of a fired ceramic

_ mold and, in particular, its tondency to crumble provents wide use of the progres-

iy

sive centrifugal method in precision casting. Centrifugal casting is most effective

.

when metal shills are used. In precision casting, successful attempts are being

A

made at present to cast parts by the centrifugal method; a number of parts are in

e ST U NE

tact already being cast in this way.
Por centrifugal casting, centrifugal machines with a vertical axis of rotation
are used, The face plate is actuated by a DC electric motor with adjustable rotor

speed; the rotational speed of the face plate can be varied from 100 to 500 rpm.

PRi
-
Pig.Lt - Diagram of Centrifugal Casting
1 - Pace plate of centrifugal machine; 2 - Cross piece; 3 - Prismj L - Shell;
5 - Mold; 6 - Gating system; 7 - Parts being cast; 8 - Metal receiver; 9 - Graphite

furmel; 10 - lLadle; 11 - Skimmer; 12 - Asbestos gasket; 13 - Iron gasket; li - Clamp

114
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carrios a cross piece for instailing two to four '

0 e e -
:" Tho face plate of the machine
the face plate carries a caramic

! molds in acourataely aligned prisma; the center of
against which the molds are pressed by

{inserted

-—b
“‘ well with branches known as motal ducts,
mold, and clamp, asbestos and metal gaskets are
into the rotating machine. After the pouring,

hine is then stopped, the molds and

t
! serews. Between well,

(Fig.kh)e The molten metal is poured

rotation is continued for 5-6 min and the mac
molds are removed and allowed to coole

the
well are released, and the

Pig.s5 - Sequence of Filling Molds by the Mikulin-Bogoslovskiy Method

e used for only one casting. It is made of moistened ceramic

eclay and 608 of chamotte grog.

The well can b
The wells are formed

slurry, containing LO% of fir

15
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in metal core boxes by hand ramning; after molding they are subjected Yo nataral =~

92

' drying, drying in driers, and firing together with the molds in the same ovens.

4
:{Be!‘oro drying, the wells are somotimes painted on the inner cavity and faces with a

t
_ refractory wash of quartz flour and ethyl silicatoe.
With future improvement in the mold material, the method of centrifugal casting
will undoubtedly be more widely used in precision casting.

Pouring the Molds under a Protective Atmosphere. Academician A.A.Mikalin, in

N ke DG

collaboration with Engineer 3.D.Bogoslovskiy, made a study of precision casting of
parts from a strongly oxidizing alloy of high hot-strength and proposed an original
method of casting, which sharply reduces the principal drawback of this alloy,
namely the formation of axide films.

In this method, the charge of such alloys consists of pure axide-free metals,
and melting and pouring the molds proceed rapidly in an atmosphere of argon gas,
which prevents exposurc of the metal to atmospheric axygen. The molds are filled
with the liquid metal, stream at low speed, using an arrangement of commnicating
vessels (Pig.h5). In this arrangezent, the crucible cf the furnace, containing a
measured portion of 1iquid alioy and equipyed with an inspection window in its
cover, and the gating passages in the cavity of the mold, form a system of commun-—
cating vessels as soon as the entire system is rotated. The rate of filiing of the
mold with liquid metal is reguiated by the rate of rotation of the furnace—mold
system.

The installation for melting metal and pouring the mold by this method includes,
vesides the argon system, a high-frequency melting unit with an electron-tube gener-
ator of 60 kw power. At 8 frequency of 150-200 ke, the unit will melt & kg of steel
and heat it to 1550°C in 8-10 min.

The rotary melting furnace (Pig.ib) of a capacity up to 10 kg, is equipped with
a packed chromomagnesite crucible, By means of 8 reducer, the oven can be rotated

through 18 in 4, 6, 8, 10, or 12 sec. The mold to be filled with metal is

/
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~3n metal core boxos by hand ramming; alter molding they are subjected to natural

S|
| drying, drying in driers, and firing together with the molds in the same ovens.

4
;%Befom drying, the wells are somstimes painted on the inner cavity and faces with a

( i pefractory wash of quarts flour and ethyl silicate.

With future improvement {n the mold material, the method of centrifugal casting
will undoubtedly be mere widely used in precision casting.

Pouring the Molds under & Protective Atmosphers. Academician AJAMilalin, in
collaboration with Engineer 3.D.Bogoslovskiy, made a study of precision casting of
parts from a strongly oxidigzing alloy of high hot-strength and proposed an original
method of casting, which sharply reduces the principal drawback of this alloy,
namely the formation of aride films.

In this method, the charge of such alloys consists of pure oxide-free metals,
and melting and pouring the molds proceed rapidly in an atmosphere of argon gas,
which prevents exposure of the metal to atmospheric axygen. The molds are filled
with the liquid metal, stream at low speed, using an arrangement of commnicating
vessels (Pig.h5). In this arrangement, the crucible of the furnace, containing a
measured portion of 1iquid alloy and equipyed with an inspection window in its
cover, and the gating passages in the cavity of the mold, form a system of commun-
cating vessels a3 soon as the entire system is rotated. The rate of filling of the
mold with liquid metal is regulated by the rate of rotation ol the furnace-mold
system.

The installation for melting metal and pouring the mold by this method includes,
besides the argon system, a high-frequency melting unit with an electron-tube gener-
ator of 60 kw power. At a frequency of 150-200 ke, the unit will melt 6 kg of steel
and heat it to 1550°C in 8-10 min.

The rotary melting furmace (Pig.i6) of a capacity up to 10 kg, is equipped with
a packed chromomagnesite crucible. By means of a reducer, the oven can be rotated

through 180° in 4, 6, 8, 10, or 12 sec. The mold to be filled with metal is
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0 Tattached to the furnace by means of a hinged cross piece.

B The melting of strongly oxidiring alloys and their pouring by this method

Pig L6 - Rotary Maelting Purnace with Reducer (Zovered with a

N
: 3 cor %-e ‘Mcld
Graphite Cover, .sed as the Tase )

< nce %! couricg elimina-
reatly improve tre quality of the castings, the more 3¢ since “his 7 F4
g re

i Llows uto-
tos handwork and ail jeviations that are {nevitable in hand casting, aiiowing a
o8

mation of the process of pouring the molds.
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.}. {. KNOCKOUT, TRIMMING, AMD CLEANING THE CASTING

i

. Knookout_of the Casting
- Premature knockout of the castings fram the molds 1is undesirable, since this
may lead to buckling of the castings. The cooling time of the castings in the molds
depends on the weight of the castings. The cooled molds are sent to the department. .
The knockout of the molds in precision casting is done with an alusinum sledge—
harmer, on knockout screons, or on vibrating beams. castings with pa.rticularl,y in-
tricate detalils are sometimes ¥nocked out 7y mears of a sandblast device. In this
cage, particular care must be taken to avold damaging the fine edges of tl® part
during the ¥nockout. In additior, when colding tas teer jone in flasks of fire—
resistant sheet steel, inaccurate zold extraction will lead to extensive uckling
of the flasks, and %o their presature nfitness for service.
Yot all molding materials vehave ir tiLe same way j.rirg extraction, when the

molds have been rnormaily fired. Vo.ls formed with a dry facing, without plugs (using

&
i
3
?
£
¥
Y
b
L4
H
¢
§
{

boric acil) are extracted witn consideratly wore 1ifficulity thar molds with plugs
and with alumina ceze:t (iiq.id cil.er). Yoroiithic Colding Tixtures .hat are 3if-
ficult to kmock out should .e removed orl¥ Y mechanical levi-es. The =olding rix-
ture most wilely used (ligquid filler witr alumina cemert) is easy 0 }nock out BY
ary method of extraction. The coniitiors of firing the rolds can te tudged from the
xnocked—out molding mix. A mix in normally fired molds “as 3 ariform pinkisn color.

In poorly fired molds, however the color of the molding is a normal pink ir the

S TERE €t T R i

outer layer but a dirty gray, sometimes changing into almost black, at the center
of the mold.

During the ¥nockout process, the castings are not completely freed of the
molding mix. The facing layer of the mold is partially burned onto the castings.
Complete cleaning of the clusters of castings from the molding mix and the facing

4g done by sandblasting them on a sandblast machine.

18
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o The sa-adbmtod cutina ohistera are routed to the tnn;1;8 th for ro-
2
jmv&l of gates and &ir holes.
.7 Cloaning the Castinge

—

Since high-alloy steels and alloys of high hot stress-strain values are the

metals mostly cast by precision casting, the removal of gates and air holes from the
castings with ordinary cutting tools (cutter or miller) on metal-cutting machine
tools is very camplicated.

The cleaning of precision castings by vulcarite cutting whoels of 2.5-3.0 m
thickness on high-speed machine vools (2000-250C rm), on special attachments for
this purpose, is practiced widely. fut even this method of cleaning precision cast—
ings is not satisfactory, since it involves [requent wheel treakage, high wheel re—
placement, and relatively Ligh iosses of expensive re-al in the grinding dust.

The most rational equipment for the cieardng of precision—cast parts obviously

are machines for arodic citting.
Arodic c.ttirg of metals is nased on
. re simultaneous use of vhe esecLrocheni-
ca., thermal actiorn of “hLe electric car-
~ant and or. the cechanical action on +he
part weing cut, whicr is connected as the
arode in a direct current electric 2ir-
cuit. The tocl used for cutting, in c.ost
cases, is a thin rotating iron disk,
Fig.h7 - Airing Diagrazm of Cutting
whose function is not so much the removal
1 - Cutting Jisk (cathode); 2 - Part

of chips from the part, as the applica-
being cut (anode)

tion of a cathode current at the place of
cutting (Fig." 7).
A special working fluid is fed to the cutting point of the part, i.e.y 0 the

point of contact between the two electrodes. Under the action of the direct current,

19
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a filn o—f_hisb electric re
. m :m' but, M
dtha £4in continuouly ro-formse wWhile

work is done at the cuttirg point,

current of nigh density to passty which fuses

the film decreasss,
a molting of thnmstalcnanry

1 neas of
- the metale Anodic cutting 18 thus,
Jmess of the disk

moro axactly»

).'mismaieudeeputhousuncoto

‘ parTow ared {the thic

which the aisk penetrates:
The DArTo 1ayer of setal melts 8° rapidly that the part has no time to heat

upe.
s of anodic cutting:

hnological proces

etermine the tec
of the equipment 18 20-28V3 the

The following ractors &

1. Electric Conditions. U
ends on the size of the part t© be C
o be cut ranging from 10 to 250 m2.

This depends on the feed of the
readings of the arpeter

en disk and part

sually the voltage
ut and is usually within

current strength dep

the range of L0-350 a=p, with the diameter v

2. Relative Pressure petween the Rlectrodes.

cutting disk and 18 selected during the operation from the

The optimm pressure on the ared of contact betwe

ing arc ranges r

along the cutt
of Cutting pisk. The peripher

3. Peripher&l Speed

al speed of the disk is se—

small diametsrs, P to

lected according 0 the diameter of the part being cut. For
diameters 'O e

12 m, the peripheral speed of the aisk is 7 %0 9
the peripheral
on and its dismeter decreases,

ve allowed for in determining the

00700 mn diameter,

, with 8 disk of U
a cer-

gince the cutting disk is worm during operati

tain reduction in the speed 18 possible, and must

rated speeds.
l. Amourt of Working Fluid. 1iquid js necessary for film formation at the
cutting place of the workplece; it also performs the function of & coolant. Prom

en established batween the

the following relationuhip has be

cut and yho amount of working fluid:

operating axperience,
adsmeter of the part beiné

120
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piapeter of Part being Cut, Amount of Working Fluid
in m tn liters/min

To 30 5-10

20-100 10-15

100-200 15-20
200-300 25-30
The working fluid 1s supplied by a puwp Lhrough a nozzle to the cutting point.

It must bathe the cutting disk and i1l tbe cavity of the cut. The suitability of

the working fluid is determined from its purity (absence of admixtures) and its

specific gravity.
The design of the cutting disk is also of great importance for operation of
the installation. No vibration of the cutting disk is permissible.
Figure h8 gives a sketch of the AMO-32 machine for anodic cutting. The techni-
cal data of this machine tool are as follows:
1. Maximm size of work piece to be cut 100 mn
2. Maximum diameter of cutting disk 120 mm
3, Peripheral speed of cutting disk 16 m/sec
l,. Feed of cutting disk automatic
5, Dellivery of pump 15 liter/min
». Density of working fluid 1.29-1.3
7. Power of electric motor (driving the disk) 2.2 kw
8. Dimensions of the machine:
Length 1316 m
dAidth 760 mm
Height 1376 m
9, Weight of machine 700 kg

10. DC voltage 20-25 v

11, Current intensity up to 200 amp

Welding generators of the type SMG-1, SMG-2 of the #Rlektrik® plant, the

121

Declassified in Pa iti
rt - Sa
nitized Copy Approved for Release 2013/01/14 : CIA-RDP81-01043R -
: - - 001600030001-6 |



i |ed|n Part - Sanitized Copy Approved for Release 2013/01/14 : CIA-RDP81-01043R001600030001-6

e M

|

i Thie AUARm A A ST ST g e " P ——"

.

.:i_mypo galvanic generator, and certain others, are used for supplying di.r-o-ut
’ — current for feoding the anodie machine tools.
L A clamping attachment (cf.Pig.18) installed on tho machine allows the anodic
- eutting of laminates. Two corrugated surfaces and a plunger reliably hold any rod
material.
Special replaceable attachments must be installsd on the machines for cutoff
of the castings from the jigs. In series production, such attachments are required

for each gating system used. 1f small batches of castings are produced, universal

vises, usually installed on milling machines, can be used.

Fig.\8 - AMO-32 Machine

1 - Trough; 2 - Workplece to be cut; 3 - Disk; h - Nozzle; 5 - Rocking

Axis of disk; 6 - Handle for feeding and withdrawing disk; 7 - Instrument
panel; 8 - Clamping attachment; 9 - Stand; 10 - Bearing Surface;

11 - Clamp plunger

In conclusion, it should be noted that certain nickel or cobalt base alloys of
high hot strength, after cutoff by the anodic method, must be carefully washed in a
hot-water bath and then sandblasted, since the alkali in the working fluid has an

unfavorable effect on the metal, especially during the subsequent heat treatment of

122
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the parts and in melting contaminated gates and risers.

The oleaned castings are routed to tho fitters! trimming departasnt.

When all operations of precision casting are conducted normally, the castings,
as a rule, have a good surface finish. The gate stubs are usually trimoed off (to an
extent agreed on with the machine shop), if it was not possible to cut them off ex-
actly. The castings are trimmed or drossed on emery grinding wheels.

Individual casting defects are also subjected to trimming. Along the radii,
fillets, and sharp edgos, roughness and outgrowths of metal due to inadequate
strength of the mold coating are often found., Such defects are removed with abra-
sive sive wheels and small abrasive cylindrical and conical balls on a ceramic band

(electrocorundun disks and balls of SM; and M, with a ceramic band may be recom-

mended). Fillets of amall radius and relatively long extension along a curved line
are conveniently removed with a shaped abrasive disk or a thin cutting disk on &
vulcanized band. Abrasive wheels are zost conveniently used on special high-speed
polishing heads. Balls are usually placed in pneumatic drills.

Pine edges of the parts are trimed with files and emery strips.

In all forms of cleaning of preciaion castings, the very narrow tolerances
which these castings must meet, must be considered. Incorrect cleaning may bring a
casting outside of the tolerance range and cause its rejection.

After cleaning, the castings are routed for a second sandblasting. The sand-

blasting of precisicm-caat parts must bde made with fine river sand, at an air pres-
sure up to b atm. The small parts are sandblasted at high speed. It must be remem—
bered that sandblasting is a very powerful method of treating parts with an abra-

give. When the nozzle of the sandblasting chamber is close to the part, a hole is

blasted into a wall of 1l.5-2 mm thickness is blasted in 1.,5-2 min.

!
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l_‘j;;lohinim of Precision Castings
- The manufacture of castings to high acouracy and high finish makes it possible

4
) ‘%to send most parts to the assembly without machining or with only a slight machining

of the fit joints, scmetimes with a decorative polishing.

Put many parts, especially those of alloys with high hot strength require accu-
racy apd finish beyond that now provided by the method of precision casting. Such
parts are machined. Precision castings are made to very low tolerances (0.2-1.5 mm)
so that standardization of the bases for measurements in the foundry and for ma~
chining and measurenent of castings in the pachine shop becomss of primary impor-
tance. We recall that the basic surface or basic points on the parts are the sur-
faces and points by which the part is oriented with respect to the cutting tools,
during machining. It is only natural that in the foundry and machine shop the meas-—
urement and machining of precision castings should be performed relative to one and
the same basis.

Sometimes & cast urmachined surface is taken as the base, but in some cases a
machined surface of a detail may also serve as the primary base. In the latter case,
it is more convenient for an objective evaluation of the castings produced in the
foundry shop to establish this primary base in the foundry shop, by per.’orming the
necessary pachining of the vage surface right there.

Buckling of castings leads to considerable trouble in machining. For this rea-
son, before the castings leave the fourdry, & check test must be run to determine

whether the buckling of the castings exceeds the established tolerance. Castings

exceeding the buckling tolerance must be trued.

1t is preferable to true the castings on specially ad justed dressing swages
with inverse buckling, by vending on manual or hydraullc presses. Sometimes cast-
ings are trued manually with a bronze hammer on special straightening presses, but
this method does not give consistent results, and impairs the quality of the cast-

ings (aink—marks). It also increases the amount of labor necessary, and should thus

12l
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:ﬁo avoided as much as possible.
)
' In cases whers the mpaterial of a casting doea not pormit trueing to corrsct

j‘bncmns, the tolerances must be inoreased. The character of the tolerances deter—

_, mines the method of pachining precision castings. In most cases, the parts are ma~
chined by finish milling and grinding, but scmetimes only b¥ grinding and polishing.

Thin-walled open-work parts are usually mamifactured by the precision casting.
When clamping them into the attactment for machining, it must be remembered that the
parts Day buckle under the force of the clamping, which, if the tolerance is small,
pay lead to rejection for surface roughness of the part on the side away from the
clazp.

In machining preciaion-cut parts, the adapter method has become widespread.
The procedure is as follows: The casting is placed into an accurately dimensioned
attactment designed for the machining of all or most of the surface of the part,
is clamped into the attachment, and is not removed fram it until the machining of
all necessary surfaces has been carpleted. This method is less productive and re-
quires a large mmber of precisely machined attaciments (adapters), but it increases
the accuracy of machining at a single insertion of the part.

In series production, the method of machining precision castings on multi-
position attachments is widely used.

In the machining of precision castings, a correct ad justment of the attach-
ments and the layout of the process is of great importance. Series production pro=
vides for the machining of large batches of parts, 80 that any inaccuracy in the
ad justment of machining processes may Jead to rejection of a large number of cast—

ings, in view of the extremely narrow tolerances for such castings.

X1. SPOILAGE IR PRECISION CASTING, QUALITY CONTROL, AND
MRASURES OF REDUCING SPOILAGE
During the first stage of introduction of precision casting, the high percen—

tage of rojections was one of the serious obstacles to the mass use of this new
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T;etbod of production. At present, all the enterprises that cast parts by this ne%hoa

_1 have done 8 large amount of work in the control of spoilage. The overwhelming ma~

‘l jority of defects that sre met have been studied, and ways of eliminating such de-
_, fects have been mapped out.

In his report to the 19th Congress of the Party, Comrade G.M.MalenkoV said:
oIn many enterprises, large losses occur because of the uneconomic consumption of
paterials, rav paterials, fuel, electric power, tools, and other paterial values;
the established consumption standards are froquently violated, and the introduction
of adequate substitutes is neglibible; the rejection rate in production is still
high". Comrade Malenkov went on to say that the ma jority of losses and unproductive
expenditures in industrial enterprises are the result of spoilage.

nThe task is", he went on to 8ay, nTo end this indifferent attitude of manage—
ment and Party organizations toward waste and extravagance” (Bibl.18a).

These statenents vy Comrade Malenkov are fully applicabla to founders, since

the spoilage in foundries is still excessive.

M
Causes of Defects. The most general causes of defects in precision casting can
be divided into three groups:

1. Defects due to incomplete finishing of the design of the part. A design
of the part, i.nsui’ficiem.ly thought out, pay lead to jefscts of +he widely varying
Lypes, faulty geometry. and casting and petallurgical jefects. These forms of de-
fects are produced when the designer, in his effort (for example) to reduce the
weight of & given part and their number in 3 unit, neglects Lo consider the tech-
nological poasibilit.ies and prescribes wall thicknesses unsuitable for casting, or
unproducihle because of intricate contours of the part. These same types of defects
will occur in the work when the casting engineer submite a poor foundry drawing and
does not jnstruct the designer to modify the design to make it more suitable for

the technology of casting. This does not mean that the designer cannot give camplex
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casting ;;roblana to the p;;es;a u@naer; or that the founden should cast only sip~
ple parte. Precision casting can pandle the production of very intricate parte. How-
l ever, a thorough discussion of the design of a part as well as creation of the do-
sign of a part best suitable for actual p}oduct.ian are of extrems importance, and
 favor the reduction or elimination of casting defects.

There should be no defects due to {nadequate development of the design of &
given part. Such a thorough development of design 1s possible if the designer and
the process engineer cooperate closely. This collaboration is not confined to coor-
dination of drawings. Success may also demand experimental castings of parts, which
always has a favorable effect on the final modificatien of the drawing.

2, Defects from failure to work out the process. This is the most insidious
cause of defects and is unfortunately the forz most often encountered in precision
casting.

The proceas chart for casting a part should take into consideration all pos—
sible bugs in the process, that might result in defects. The process engineer must
carefully think through and test, on experinental castings, all operations, transi-
tions, ard working methods. He must check on the necessity and suitability of the
materials selected and of the operating conditions prescribed for the equipment. He
must design the necessary production and control facilities. The process engineer
must make certain that the process designed by him guarantees 100% yield of sound
castings, and that any defsctive casting must merely be the result of some viola-
tion of the process conditions. lio obscure spots must be left in the process. There
is no excuse for cases in which a constantly recurring (even if less often) defect
has not been {nvestigated, sven if the process conditions were consistently follow-
ed. To disregard such a "wandering” defect would mean to leave the process to chanceL
i.,0,, to leave the defect without eliminating it.

Bach type of defect must be studied individually. The causes for such a de-

fect must be clear. All measures to eliminate a recurrence of the causes must be
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31-.&&:1. Such measures must be clearly reflected in the procoso oondiuox;s and must bo
_&

~ laying out a process, the ongineer should be given the necessary support by the shop

1oulously observed in the production line.

0
2

In solving the complox problems that confront casting process engineors whils

"and plant management as well as by foremen and workmen-innovators, whose DANY YOATrS
of practice, experience, and initiative may considerably facilitate and speed up the
improvement of the process.

Even what might, at first glance, be the best process (and, indeed, every
good technological process) can and must be continuously improved and perfected, re-

lying on the accomplishments of soviet technology, on the conquests of Soviet sci-

ence, which lighten the work of the workmen, vy mechanizing and automizing the proc—
esses. This task can be fulfilled by the united efforts of the entire personnel of

the shop and plant.

3. Defects due to violation of the process conditions. Defects from this
cause may arise in any operation and in any transition. Failure to observe the ten—
perature conditions in the melting of metal and in firing and drying of the molds;
careless preparation of materials for work; poor condition of the equipment and im-
plements; carelessness in work, will all increase the amount of spoilage and re-
jects.

A constant struggle must be waged against wiolations of the process condi-
tions in departments and shops devoted to precision casting. Each case of violatiom
of the precess conditions should be the sutject of a discussion, and measures
should be taken by the shop administration for each case of violation of the pro-
cess conditions. Those who violate the process conditions must be held financially
responsible.

In this respect, the role of the foreman in the department is very important.
A negligent foreman, indulgent to violators of the process conditions, who permits

violations of the process conditions, can transform any literate and well laid-out
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-jproooaa chart into a ueelo;u scrap of paper and may do great damage by prod\mi.ng i

, q'dotootiva articles. The foraman should participate in establishing the proness con-

'ditions. He should agres with the process engineer on the performance of all opera~
—itions in accordance with the process conditions, but he should never in any way vio~
ilate the process conditions, once established. The foreman must indoctrinate every
workman on the process conditions and make sure that the latter has thoroughly mas-

tered the operations assigned to him.

It is only by specific permission of the chisf engineer of the plant, for rea-
sons of industrial necessity, that occasional deviations from the process conditions
pmay be authorized, and then only after serious consideration. Bach case of such a
deviation should be formalized by a special plant memorandum, or must bo justified
by a serious reason, for example, by damage to the equipment.

Let us now consider the types of defects met in precision casting, which may be

connected with pattern defects, poor mold quality, casting and netallurgical de—
fects.

Spoilage due to Pattern Defects. All defects of the patterns are reflected ir

+he casting with almost photographic rendition. The unevenness of jndividual edges,
scratches and lires, blowholes and bubtles, foreign inclusions in the pattern mate—
rial, always are transferred to the metal casting and unfavoratly affect its ap-
pearance and quality. The quality of the material used for the patterns and of the
raw materials for the mold slurry, largely determine the soundness of the patterns
and castings.

The raw materials for the pattern composition must rigidly conform to the ap-
proved specifications. They must be free from foreign inclusions and must meet the
delivery conditions. High ash content of the pattern is impermissible. The process
of pouring the patterns is of great significance for the quality of the patterms.

The forms of casting spoilage or scrap due to defects in the patterns, the

causes of such defects, and the remsdies are given in Table 30.
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Table 30

Types of Pattern Defeots and Castings Defects Duo to the Patterns

Type of Defect Cause of Defsct Remedies

Faillure to fill, a) Cold pattern com- a) Do not forward defective

welding, cold
shut

position patterns to further processing.
Determine temperature condi-
tions for filling patterns more
precisely

b) Incorrect system of b) Correct gating system in die

supplying molten pattern

material to die

¢) Violation of condi-
tions for pattern mak-

ing

¢) Carefully check temperature

conditions

a) Overheated pattern
nixture

b) Insufficient pres-
sure when pouring

patterns

a) and b) Define and observe
temperature and pressure condi-

tions during pouring

Cracks in pattern

a) Cold die

b) Local defects (under-
cutting or fin) in die,
great clearances on

joints of dies, increas-

130

a) Heat die

b) Correct defect in die

AP YT

G

Declassified in Part - Sanitized Copy Approved for Release 2013/01/14 : CIA-RDP81-01043R001600030001-6



Declassified in Part - Sanitized Cop

A
pproved for Release 2013/01/14 : CIA-RDP81-01043R001600030001
o -6

X A T N L e e

e e e o et

Cause of Defect

Blowholes (air bub-

bles) in patterns

ing the soa:s on the
patterns

¢) Prolonged residence
time of pattern in die

after pouring

a) High temperature of
pattern mix being

poured

b) Incorrect supply of
polten pattern material

to die

a) Use of contaninated
raw materials with high
ash content for voiling

the pattern mixture

¢) ¥Work out conditions for
holding pattern in die for
optimum result. Scrap pat-

terns with cracks

a) Work out temperature con—
ditions of pouring, care-
fully observe process con-
ditions for pouring patterns
b) Correct gating system in
die. Scrap patterns with air
subbles on worldng surfaces.
On nomworking surfaces and
in the mating parts of the
pattern, the air holes may
e filled in «itk an elec-
tric soldering jron and

zolten pattern material

a) Use materials zeeting the
approved specifications.
Filtering individual contam-|
inated materials through 2
No.l.0 screen after first

melting
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Cause of Defect

b) Untimely and poor
cleaning of thermostat
or electric bath

¢) Lack of necessary
cleanliness at working
position for prepara-
tion of pattern mate-

rial and pattorns

b) Timely and thoroughly
clean equipment and venti-
lating system

¢) Haintain the necessary
cleanliness at the woridng
positions in the pattern

department

Distortions of geo—
petrical dimensions

of pattern

a) Wear of die

b) Puckling of low-

melting patterns

¢) Incorrect removal of
patterns fram die

d) Tearing of pattern
during cleaning and

assembly

a) Check and correct die

as to worn insert

-) Maintain optimum temper-
ature of 15-25°C in room of
zmodel department. Store
patterns correctly on spe—
cial racks to avoid possi-
tle buckling of patterns
from their own weight

¢) Correctly remove pattern
from dim

d) Clean model according to
standard. Scrap patterns
with defects on umworked
surfaces. Correct other

defects
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T@" ng Defects

L Table 31 gives the following forms of casting defects due to poor quality of

the mold,

Table 31

Forms of Casting Defects Due to Poor Quality of Mold

Type of Defect Cause of Defect

local overflow of a) Crack in one or more a) Observe optimm tempera-

metal onto casting facing layers ture conditions at 15-25°C in
surface (Fig.h9c). coating and molding parts. Do
Often has the forsm not allow subsequent rapid

of external seam coating of poorly dried-out

with traces of the cluster. Do not allow irreg-
destroyed facing ular thickness of facing lay-
layer {Fig.h9N). ers. Carefully treat the parts
Sometimes with in ammonia. Limit size of
pinchers in the bateh to be treated at the

part sare time to 50 clusters,

(Por Pig..9, see since larger mumbers vary the
conditions of drying. Main-
tain relative humidity of
room at not lower than 35-L0%
b) Inadequate pacldng b) Apply special paste of

of mold at given place quartz sand, ethyl silicate
and magnesia, and thoroughly

coat with a thick layer of

this mixture the cluster of
STAT
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Type of Defect Cause of Defect

already coated patterns on

surfaces hard to reach for
the molding. During molding,
uge elastic spatulas.

¢) Cracks in mold dur- c) Strictly observe estab-
ing process of drying lished conditions of drying
and firing and firing molds, without

allowing charging of molds

into oven at elevated init-

ial temperature. Do not
shorten the duration of the
established stages of drying.
On molding in flasks line
its inner walls with paper
(thickness of paper layer
0.2-C.3 mn).

¢) Careless handling of d) Carefully charge, unload,
mold (impact) during and transport the molds,
charging into drier and protecting them from impacts
oven and during un- and dropping. Do not pour

loading damaged molds.

Clogging (Pig.L9M) a) Cracks in facing a) Same as in la

layer of mold and

collapse of part of

investment

\
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Type of Defect

Cause of Dafect

b) Cracks in mpld and
dropping of fired mold-
ing mix inside mold

c) Disintegration of
mold by jet of steam
or air

d) Mold crumbles after
firing

e) Sand or earth falling

into cavity of mold

f) Breaking of the solid
crust on the face ol the

nold on the side

b) Sams as in lc

c) Bractly align molds with
the gate on the nozzle with
stean or alr

d) Strictly maintain time of
packing on vibrator. Replace
or add alumina cement

o) Molds should be stored,
transported and charged,with
the pouring funnel down.
Close the opening before
pourirg the molds

f) Carefully remove mold
from flask board. Clean the
boards before molding. Coat
the boards with machine oil.
In molding the upper and lowr
er layer of the mold, fill
with a mixture having a high
content of alumina cement
(perforn the molding with

two facing mixes
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Type of Defect

Cause of Defect

Unsatisfactory fin-
ish of casting sur-

face

a) Low refractoriness
facing layer of mold

b) Too coarse screening
or entry of large frac—
tions of quartz dust

into coating

a) Test raw materials for in-
vestment layer for content of
oxides of calcium, magnesium,
iron, and alkali metals. Pu-
rify quarts flour by thor-
oughly washing it followed

by firing
b) Check screen for sifting

quartz dust and rescreen

quartz dust through No.l.O-

200 screen

a) Insufficient drying

and firing of molds

b) Low gas—permeability
of molding mix

a) Strictly maintain condi-
tions of drying and firing
of molds. Eliminate suction
under oven drawers. Do not
stand molds for firing close
to each other or to the
doors of the oven

b) Increase gas permeability]
and test for grain size of

molding sand

Cast. and Metallurgical Defects. The types of defects belonging to this

group (Table 32) are of the greatest importance among the defects of precision

castings. While all above-listed defects are relatively easy to eliminate by ex-

actly following the established process conditions, casting and metallurgical de-
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3 fects largely depend on mnnal mthodo of a given operat.ion_, which cannot always be

.

_spooified acourately in a procose chart, For example, the process chart stabess #0n

(Ji‘ teening the mstal from 8 ladle, retain the slag with a graphite sikimner®. Tho poer-

—: formance of this operation, oven with extreme care, does not guaranteo complete pro-

" yention of slag inclusions; for this reason, important points in the control of

casting and metallurgical defects include improvement of the process caonditions,
cochanization of the process, and creation of better gating systems, since the cor-
rect technological solution, by way of process modification may often be the only
wvay to eliminate such defocts. As a rule, before a part is placed in series produc-
tion, a casting or a batch of castings is subjected to a complete metallurgical
study. The part can be placed in serles production when macro and microstructure of
the castings, quality of the fractures, X-ray pictures, mechanical pmperties, and

chemical composition of trial castings meot all specifications.

Table 32

of Metallurgicsl and Casting Defects

Type of Defect Cause of Defect

Shrinkage cavities, a) Reduction in volume The fundamental measure
looseness and poros- of metal during cooling to eliminate these forms of
ity. Open or covered | in liquid state, in the defect is correct feeding of
cavities in casting, | process of solidifica~ the casting with liquid met-
sometimes accampan— tion. Often accampanied al.

jed by shrinkage of | the appearaace of a Install over each solid
casting. shrinkage cavity which place in the casting a riser
Surface of shrink- leads to looseness of whose dimensions must be

age cavities is the metal in the layers greater than the dimensions

often oxidized. ad joining it and to of the bulge in the casting
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Cause of Defect

porosity, due to inado-
quate feeding of these
layers with liquid
metal.

b) Overheating of indi-
vidual cross sections of
casting, due to passage
through these cross sec—
tions of masses of hot
petal, and to premature
solidification of the
portions of the casting
that feed this cross
section.

¢) Interruption in the
reed of any area of the
casting during the peri-

od of solidificatiorn

to be fed. An open cylin-
drical riser must have &
height—diameter ratio of
1.5 : 1. The horizontal
cross section of an open
riser must exceed the cross
section of the bulge being
fed in the casting by not
less than 25%. If closed
risers are used, so—called
atmospheric risers, which
commmicate with the atmos—
phere by a special gas—
permeable core, will give a
greater offect.

Bnsure directional so-
1idification of the axial
layer of the retal, for
which: feed the riser with
hot metal by the shortest
route from the pouring cup;
cool the parts of the cast-
ing most remote from the
riser by means of special
technological runners or

fins acting as coolers, the

eclassified in Part - Sanitized Copy Approved for Release 2013/01/14 : CIA-RDP81-01043R001600030001-6
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Type of Defect

Cause of D'pl'cct

‘

installation of which is
difficult in precision cast-
ing; avoid unbalanced risers,
where the riser is fed from
another riser through the
casting.

Correctly conduct the
mstal to the casting, for
which: avoid as far as pos-
sible conducting the metal
through thin cross sections
of the casting; separate the
flow of hot metal into as
many streams as there are
tulging parts in the casting.

Keep the open risers warm
in the castings by means of
a heat-insulating agent
which prevents rapid solid-

ification of the riser.

Hot tears, surface
or through breaks
in the casting

walls. Surface of

[ break is oxddized.

a) Insignificant plia-
bility of mold material,
preventing normal
shrinkage of solidifying
metal.

= A e e e

A

a) To make the mold more
pliable, the time of vibra-
ting the mold during its
packing must be shortened.

Reduction in the alumina
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Cause of Dofect

/

b) Presence of shrink-
age cavities and loose-
ness, weakening the
cross section of the
casting, at stressed
places in the casting
¢) Sharp transition in
casting fro= thick to
thin cross sections.
Presence of sharp faces
and angles ir casting,
where stresses are con—

centrated.

d) Too high a content in
the steel or alloy of
harmful impurities (sul-

U1

cemont content of the mix is
also helpful. Theso measures
are possible within certain
linits, since excessive weak-
ening of the mold may lead ta
crunbling.

b) Bnsure sound casting
without shrinkage cavities
and loosenoss, by using a
more rational gating system

(cf.Section 1)

¢) Design modification of
part or correction of found-
ry drawing (provide for
sooth transitiocns froo
thick cross sections to thin
ones, oliminate sharp angles
and faces); it is possible
to use special shrinkage
fins which are made on the
patterns at places subjected
to hot tears on casting.

d) BEnsure minimm content of
bhamful irpurities, for

which purpose the remelt

Declassified in Part - Sanitized Copy Approved for Release 2013/0114 : CIA-RDP81-01043R001600030001-6




Declassified in Part it
rt - Sanit
ized Copy Approved for Release 2013/01/14 : CIA R81 0104 :
| | . : : - - 3R001600030001-6

Cause of D?!eot Remedios

fur and phosphorus) metal pust be regenerated

amipuremmbeﬂ.a.hmt

be used in steel or alloy

maldnge &mhmt.ori.alsunat
haveaminimﬂsulmm

phosphorus content.

Cold tears - tears Principal cause of the Special coolers to equalize
in body of casting, appearance of cold tears the cooling of all parts of
with unoxidized are internal stresses in the casting are not yet used
sarface. The frac- the casting, during sol- in precision casting. The

ture is granular jdification; the causes measures indicated in point

and somstimes has indicated in item 2 also 2 (b, ¢, and d) have the

an oxide tint have an effect on the greatest effect in the con-

formation of cold tears trol of cold tears; rational
heat treatment of the cast-
ings, ir order to remove the
internal stresses, is also

very effective.

Wrong chemical com- a) Use of 1ow-grade orig- a) This cause ig usually the

position of alloy inal charge material in post widespread in devia~

(determined by ched smelting fresh alloy. tions in the chemical com—
jcal or spectros- position of the alloy. The
copic analysis of only charge materials that
test specimens) should bo used for the heat

are approved brands with

i

1
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obligatory checldng for the
presence of certificates.

ks 2 7

Control analyses for the
principal elements and harm-
ful impurities are run peri-
odically. The original

charge materials must be

e T

properly stored by brands.
b) Deviations in the pro- | b) Check the calculation of
cess of smelting the al- the charge, the correctness

loy and its subsequent of the weighed portions, and

remalting before pouring. the order of charging the
naterials at the time of
melting. Do not allow the
smelting process to be drawn
out during the smelting of
the alloy and its remelting.
c) Contamination of re- ¢) Organize proper storage
nelt mstal by unbranded of remslt mstal, not allow-
scrap ing its contamination by un-
branded mstal in the charg-
ing yard. Isolate alloy that
is not conditioned according
to chemical analysis, allow-
ing it to be used in a charge

only in calculated quanti-
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Typoe of Defect

Cause of Dafect

d) Elevated oxidation
loss of individual ele-

wents of alloy

ties pursuant to pspecial
tochnological instruction.
d) On remelting, do not pro-
long the process of melting,
since this increases the ox-
idation loss of individual
elements, and must scmetimes
be compensated by a special
camposition of flux and by
addition of individual ele-

ments.

Failure of alloy to
meet specifications
as to mechanical
properties and
structure (deter-

mined by testing

control specimens
at the plant labo-

ratory)

a) Pailure of chemical
composition of alloy

*o zee. specifications

b) Elevated pouring

temperature

a) In various alloys, the

jeviations ir the cortent of
+te indi{vilual elements leal
<o impairment of mectanical
properties. Ar elievated cor-
tent of harmful elements and
impurities {s impermissitle.
Since they also lower “he

physico—chemical properties
of the alloy. The measures

to eliminate this defect are

indicated in point L (a~d).

b) Lower pouring temperature

of alloy if this does not
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Cause of Dokeet

o) Incorrect heat
treatment

d) Casting defects of
castings or tes: spec-
imens

result in casting defects.

¢) Determinoe conditions of

heat treatment more precise
d) Ensure production of sound
castings with respect to de-
fects. Thoroughly deoaxidize
alloy.

Gas holes (Pig..9g).
Open or internal
cavities in casting
with clean and
rounded inner sur-
face. Isolated and
group gas holes are
encountered. The
holes located in a
group on the sur-
face of a gas hole
are sometimes called
®ragh? when they are

small.

a) Use of oxidized,
damp charge materials

b) Inadequate deoxi-

dation of alloy.

c) High temperature

(overheating) of alloy

d) Gas liberation by
mold

a) The ferro alloys used
must be heated. The remelt
metal is sand blasted before
being added to the heat.

t) Poorly deoxidized quantitj
of absorbed gases. Before
pouring, the alloy rmst be
thoroughly dioxidized.

¢) Do not overheat alloy;
take the metal fram the fur-
nace at the established tem-
perature, The gas-saturated
alloy should be held before
pouring in the ladle, to
give the gas an opportunity
to escape from the metal.

d) The mold should be thor-

oughly fired before pouring.
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Nod Type of Defect Cause of Defect Remodies

The permeability of the pold

must ensure dissipation of

gases from the mold, not intq
the metal but into the out-
side air, for which the per-
meability of the facing lay-
or of the mold bust be less
than the gas permeability of
the filler of the mold. The
permeability may le increased
by making holes in the mold
or by providing special gas
outlets ir. the pattern clus-
ter,

e) Incorrect pouring. e) Pouring of an interrupted
strear is not permitted,
since in this case the air
will enter the mold with the
metal, The thicker the walls
of the casting, the lower
must be the pouring tempera~
ture

d) Insufficient firing f) Fire the ladle of the furd
of the linings of melt- nace before the heat. Use a
ing furnace and ladle. hot ladle in pouring, heated
to a temperaturs not lower
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Cause of De‘!'act.
1

Remedies

Type of

¥

gand holes (outer or
inner small cavities

in casting filled

with molding mate-
rial, (Figs.b9 d
and o).

g8 |Slag holes (outer or
inner cavities in

casting rilled with

slag, Fig.h9 n and k),

a) Washing away of mold

walls by metale

b) Insuffic fent strength

of mold and facing iayer

a) Bntry of alag into

mold during filling.

than 700-800°C. The $8pping .
spout must be thoroughly dried

a) Pouring must be made quies-
cent, for which purpose: use
slit feoders; reduce the
height of the head and rate
of pouring; use retarding gat-

ing systems; direct the Jjet

of metal along 8 tangent to
the mold and avoid straight
runners; use the method of
siphon pouring.

b) Cf. forms of mold defects

(items 1 and 2)

a) In fi1ling through the top
of the ladle, hold the metal
in the ladle and allow the
slag to {loat. Remove the
slag and retain the remnants
of the slag during pouring by
means of & graphite skimmer.
Use stopper and teapot ladles
in pouring. Carefully line
and dry the melting furnace

and ladle.
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Cause of Defeot

Remedies

b) Pormation of second-
ary slag on reaction of
metal with ladle lining

and mold material.

b) Use special slag traps in

the gating systems.

Buttons - small sol-
idified and oxidized
globules of metal

entering the casting

a) Turbulent filling of
molds, accampanying by
splashing and spattering.

b) Same as in the forma-

tion of gas holese

a) Pour the mold in a quiet

and continuous stream.

v) See item £ (2, t, e)

Metal penetration

(Fig.h9 n)

A

a) Melting of facing laj-
er of mold in contact
with molten metal as a
result of inadequate
refractoriness of the
pold, or chemical re-
actione

b) Penetration of molten

metal into pores of mold.

a) Thorough preparation of
facing layer of mold (its
freedon from low-zelting im-
purities); lowerirg the pour-

ing texmperature.

) Increasing mechanical
strength of facing layer of
mold; correct selection of
molding materials with res-
pect to grain size; do not
allow stream of metal to
strike wall of mold during
pouring.

STAT
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Cause of Dotm

Remadies

Wold the seam or fold

on casting formed

on meeting of two
streans of mstal
with the piled-up
edges and axide film
at a joint of a seam
(Fig.h9, A, B, F, I).
A weld is usually su-
perficial, but somo-
times penetrates into
the interior of the

casting.

a) Low metal teoperature
on pouring. I

5) With thin and intricate
castings in precision cast-
ing the temperature of the

mold is izportant.

¢) Incorrect pouring of a
fine or discontinuous stream
with the pouring cup not
full; slow pouring.

a) Maintain the estab-
lished temperature in
tapping tho mstal from
the furnace. Use a well
heated ladle in good
condition for pouring.
Avoid incrustation on
the tapping spout of
the furnace and in the
ladle, which strongly
absorbs the heat of the
metale

t) Do not allow the
mold to cool before
pouring; the time from
the unloading of the
molds from the firing
oven to their pouring
must not exceed 10-12
min.

¢) Maintain full level
of the metal in the
pouring cup while pour-
the molds; enlarge the
gating passages. In
case of constant de-
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Cause of Defoct

fects of welding, abandon

siphon pouring for the part
in question.

Inccmplete pouring,
incaxplete filling
of cold with metal

(Fig.29 )W

a) Same as in case of

welding.

b) Shortage of metal

in ladle.

¢} Preakout of =etal
froc tha =oid, iuze %0

defects of mold.

a) Same as in case of weldind

(Item 11 a, b and c)e

b) Use msasuring ladles; ling
ladles by sweep; first fig-
ire out required quantity of
metal and volume of ladle.
¢) Sane as in mold defect

(item 1 a, =, ¢, and d)°

Incorrect feeding of
casting wit> molten
retal. Shrinkage

pbemn.

Sare as irn defect of shrink~
age cavities and intermal

porosity (see item 1-4).

a) Property possessed
by certain alloys with
high bhot strengta very
rapid oxidation in
colten state.

b) Excessive tine for

150

a) Spelt alloy in reducing,
nestral pedium, or in vac-
wm. Use electric arc fur-
naces or protectism by inery
gas (for instance argon)s

b) Pour metal as rapidly as

STAT
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Cause of Defect

teeming metal into mold.

possible into mold, in
view of the necessary
smoothness of the stream.
For such pouring, the in-
stallation proposed by
Academician A.AKikulin

is recommerded.

Bxternal influences on
castings: shock, frac-

ture, etc.

Yaintair accuracy in
knocking out castings

‘rom molds. Extract the
castings in the cold
state. Use aluminum
sledges or hammers with
attached rutber disks.
Chserve safety rules in
sanitlasting, cut-off, and

trangportations of partse

a) Thermal retardation of
shrinkage, explained by the
different stresses in the
thick and thin parts (tens-
ion and compression),during

cooling of the casting.

b) Shrinkage stresses dus

151

a) Reduce the stresses in
the casting by rational
design of ‘he casting. Reo
duce the iifference in the
wall thickness. Cool all
portions of the castings
wmifornmly.

b) Increase pliability of

STAT
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Type of Defect

Causo of Defect

R e

to resistance of mold mold. Eliminate projections
and closed outlines in the

castings, which hinder the

free shrinkage of the castings

ty Control in Precision Casting
It is generally lnown that tectnical inspection consists not only in not for-
warding defective parts to further processing and in scrapping castings that do not

reot the specifications or foundry 4drawing, tut aliso in preventing appearance of

defects. For this reason, the inspectors of an ir.vestment casting shop, in examin-

ing the castings on their delivery from the shop (firal control) stould also xoni-

sor the technological process and carry ou. operational control.

The basic objects of inspection in the precisjon-casting srop are as follows:

1) Control of raw material;

2) Control of technological process;

3) Control of equipment (dies, measuiring {nstmerta);

A rational control of all sen‘firishel elemerts (ratterrs, assem.lies
1

and coated clusters, oolds, molten retal);

5) Control of castirgs;

4) Analysis of internal and external defects.

The check on the raw materials is usually effected by the inspectors of the

plant stockroom. Control of the implements is performed at the control and testing

stations, or in the central testing laboratory of the inspectior department of the

plant. Analysis of the internal rejections of the casting shop is performed jointly

with the machine shop.

For successful operation of the control service, the technological process of

152
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-{ product quality control mist bo worked out parallel with establisment of the pro-

j duction process. All control operations, with indications of the tolerances and of

"1 the necessary control ard measuring oquipment, must be reflected in the process of
' _: mamufacturing the part or in the special vechnological charts.
The control equipment of the shop rust be provided with all necessary special
and universal control and measuring devices (instruments, gages, calipers, wniver-
sal measuring tool) and with the technological documentation, which includes: 1)
drawing of the part and drawing of the casting (or workpiece), 2) specifications
for the casting and for all raw materials to be used; 3) drawings of the instru-
ments; h) operational process charts and processing instructions; 5) technological

control charts.

Re jected castings, depending on Lhe character of the defects are subdivided
into:
a) final relected products - castings that cannot e salvaged or wnose sal-

vaging would e economically unadvisabie;
re jected products that can ve saivaged - lefective castings where ‘he de-
fects can ‘e corrected 7 welding or 7 supp.ecentary nachining, making
such castings acceptatle;
conditionally re 'ected products - castirgs whicr deviate rrar the irawing
or Specificat.ior.a, where “he character of “he defects, nowewver, do not
adversely affect +he operation of ‘te part when {nstalled in a given

equipnent. Such castings are not sut ‘ect to correction, but are released

to the produchion 1ine by arrangement with the designer.
According to the processing point 3 which the defective castings are discov-
ered, they are subdivided into internal and exterral: intvernal, where the defects

are discovered in the foundry itself; external, where defects due to the foundry

are discovered in the machine shop or in scme other shop of the plant. The external

defects cause the greatest losses, since, to the cost of the castings themselves is

153
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" added the cost of their subsequent processing.
, Proper organisation of inspection in the foundry is one of the most important
conditions for lowering the rejlection rate of precision casting.
Pattern Inspection. Patterns are checked by external inspection and by instru-
ments. External inspection establishes the soundness of “he pattern with respect to
the absence of impermissible defects (cavities, clogging, etc.). The 1imensional

gtability of the pattern and the absence of tuckling are verifiet bty special cali-

pers, gages and {nstruments. Jiverserces in tle palterr iimensior.s are allowel over
a range of C.2-C.3} mr, Fossitle shrinkage cavities ir *he pa*terms are ctecked i
gages viewe! apainst re Ticht. "uvchling of tre patcerr is also le actel arainst
the light bt mears of a “eeler rare. =g tclerarze “cr ‘*ia s es*a’listed ir ac-
cordance wi‘> **e s ‘seq.er’ racri-ing of e cag.irfs {+ve exis*erce cf ractining
allowances, ‘“e jossi tlitr of s ratr tening ‘e ~as* i rsdl. 1 ‘e 1 serce of later
trueing of %re castirss, t'e scierarn-e for mucklirs of t'e patterns =.s* not exceed
0.3 == mer 10C =r lengt™, sirce ex*e-sive ichiiny .3 I 1% sc scrrect I na-
c-inirgz, in view o *Ye ver: srmall *olerarces fc- ;recisior cas*i{-rs.

™-e rrocess of preparirsg ‘e ;a‘verw Fiy 1~1 + e g ftarilisy cf termperat re
press'.re a~1 resilerce vire soriittors, ir fillirs *re -atterts o e ;Tess. T8¢
1o periodicall, crecrel. Tac! asger _e' natterr tiister is {rsrectel and passed to
the prod et ior line, 17 i agrees Wwir ‘e apprcve! stariari reference sneciren.

Mold Inspectior. Tre juality of tle racirg larer ¢! *ne mcli Tust e cteched
with particular care ir the productior of precisior castings.

Fach facing layer is inspectedl nefore application of the following layer and
before molding; in this case, the layers are checked for ablsence of cracks, peeling
of the coating, and uniformity of +he coating.

The raw materials for preparing the facing layer must pass a campulsory test
in the plant laboratory. The ethyl silicate is tested for 5102 and HC1 content; the

quartz dust, for S:I.O2 content. The process of hydrolysis of the ethyl silicate is

154
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— entered in a log book. The hydrolyzed ethyl silicate is also tested in the chemical

.

-1 laboratory for its 31,02 and HCl content.

! Periodic check tests must be made on the preparation of hydrolyzed ethyl sili-
cato, presence of the chemical laboratory data on the ethyl silicate and quarte
dust batches in production, proper coepounding of the coating (checldng the specific
gravity), coating of the pattern clusters and their processing time in armonia.

The pattern clusters propared for molding are sub‘ected to a 100% control after
assembly of the molds. The clusters with individual broken patterns and those which
do not moet the conditions for producing high-grade molds (existence of specified
clearances betwoen pattern and flask, quality of cementing of “he cluster to the
flask board, etc) are not accepted for molding. Every fifth or tenth tatchk of mold-
ing material must be tested when the ingredients are sprinkled into the mixer. The
molding materials (quartz sand and alumina cement) are tested from samples of tre

batches sent to the sand laboratory of t*e shop.

;
¢
i
1

From time to time, the vibration time of t“e molds m.st ‘e crecked, since tris
has a great influence on the dimensions of the casting ard on the strength of the
mold.

ter natural harderirg of the molds and their reroval {rom the [lask boards,
the integrity of the lower face of *he mold must de checked. Molds with “reaks on
the face, especially near the gate, are no: released for sui.gsequert operations.

For certain castings, after melting the pattern mix from the molds, ‘he mold
cavity can be examined by a small electric bult and a mirror; a careful inspection
of all such molds prevents the pouring of molds with cracks, collapses, or other
defects in the facing layer.

The conditions of drying and firing the molds checked on the tape of the re-
corder installed on the driers and firing ovens. All fired molds must be inspected
before pouring; molds having obvious defects must not be filled with metal,

Work on the mold is the most time-consuming step in the production of precision

155
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- castings. Preparation of tho patterns and clusters, melting of the motal, and pour-

-1
—t ing of the molds take only minutes, while tho maling of the molds and their prepe-
“_ ration for pouring takes & few dayn. This pakes it all the more important to obtain

¢

_ high-grade molds. The technological control during the entire timo of mold-making

will greatly increase the quality of the molds.

Control of the Chemical Composition of the Alloys. The camposition of the alloy

is controlled from the data of the chemical laboratory of the plant or shop. ¥hen

preparing the alloy from rav materials in the shop, {rmediately bdefore pouring the
molds, 1005 of the heats must be tested for the principal alloying element. 1f ver-
{fied certificates for the raw materials used in the productive process are avail-
able, pericdic testing of weighed batches of the charge paterials may replace plo oz4
control of the chemical composition of the heats. In +hat case, a spot creck is
made of every tenth heat for one or more alloying elemonts whose contents fluctuates
sharply. With such a testing method, eac™ checkel sert: heat is consilered {ndica~
tive of the nine preceding weats; froc the ~esivs of iis analrsis, the inspec* ion
departnent decides whether all ter. heats can be put in production. 1¢ “he primary
and repeated tesis show that the contert of one or several elemerts is -rsatisfac-
tory, all ten heats aust o8 analysed for these elemerss, and L. e productior of
parts is authorized from +he resalts of +}e ana’ysis, Leat T real.

In series product‘-.on, alzost no smelting of aliors from= tl.e raw materials,
followed by jrmediate pouring of the pars, ig done; the pethod carnot be recom-
mended in view of the small volune of metal smelted and the inevitable difference
of the castings in chemical camposition of the alloy, which leads to {requent devi-
ations in chenical camposition, and to rejection of the casting. 1f an alloy has to
be smelted in the shop, it ghould be prepared in rurnaces of 200-500 kg capacity or
more. Each such heat is tested for all elements and 1is put into production for sub-
gequent remelting and pouring of parts after +he chemical laboratory certifiea that

the alloy is guitable.
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_:}’_ In working with tested alloys, either smelted by the shop or delivered by a

_-imetallurgical plant, and in using plant screp, (if reliably stored), it 1s suffi-
‘eient to test the chemical composition of the alloy in a single casting every day,
for two or three of the most widely fluctuating alloy olements. Such spot testing
of the chemical analysis of the alloy has proved adequate over mary years of practi-
cal work in casting parts by precision casting, at several plants.
Control of the Mechanical Properties of the Alloy. Specimens for the mechani-

cal tests (Fig.50) are taken fron the cluster of parts cast. The testing of the me-

chanical properties on separately cast specimens, as is occasionally done, does not
reflect the true conditien of the mechanical properties of the casting, since the
mold with the specimens is poured wder conditions iifferent fraa those of the
parts themselves.

In series production fra= ready-made alloys, “nere s "0 po.nt in testing e
nechanical properties of each cluster of castirgs, and sarcple tesis are also Lse~
less since casting of +ensile specimens for eac: cluster is reconamical. #hen
putting the alloy into production trne allor must ve cnecked for tre mecranical
properties required for ire par:s to e cast, . ‘esting severa. tatcnes of casi-
ings using tes. parts cast togettor with them; t-e aecrarical proper.ies of suise-
quent castings are guaranteed Ty exact observance of tre process conditions for the
castings.

Control of Castings. The poured clusters of castings after knockout and sand-
olasting, must be inspected in the untrizmed state (in he clusters). The inspec-
tion of castings with the gating systen trirmed off does not always give a clear

jdea on the character of a defect or on the cause for i.s appeararce, in inspecting

the untrimmed castings, the origin of many defects becomes obvious. This makes it

easier to clagsify the defects, which means that i+ also takes less time to figure
out a remedy. After inspection in the clusters, the castings are routed to the

trimming and cleaning departments, after which they are again subjected to inspec-

157
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tion.
During the external inspeotion of the trimmed oastings, they are checked for
appearance, for conformity with the foundry drawing and for possible correcting of
individual defects by additional machin-
ing (trimming, welding, straightening).

For parts with only insignificant defects,
NMM the admissibility of these defects is de-
termined from the specifications (mmber
of cavities, their diameter, depth and
location). In external inspection, no cem-

Fig. 50 - Specimen for Testing

rlete dimensional check of the castings
Mechanical Properties

is made; usually orlr ‘he length and max-

ime ttickness of tte casting as well as

buckling (gage along the straight edpes) is checked. lastings whose dimensions are

%
14
£
7
i
i
L4

within the established tolerances are routed ‘o s.bsequemt operations.

Castings berond the liri's of the irawi-r and not meeting ‘e specificatiors
with respect to permissi._le {efocts (if ther cannot e salvaged] zust e reected,
ard a re’ectior slip made out, I* is coegiisorT for this sli; ‘o contain tte fol-
lowing data: trpe of defect, and, ir duve to poor work, (e specific person respon-
sible for it. The possi~ility of correcting *he iefect. is letermined & the depart-
ment foreman and the process engineer. In eact individual case, when a casting has
a defect and there is any doubt as to the possitility of its correction, the ques—
tion of passing the part to the subsequent processing is settled by the process
engineer of the department, whose decision in the matter is tirding both for the
foreman and the workers of the inspection department., The situation is the same in
determining the cause of the defect. The final decision on the cause of the defect

is made by the process engineer. The foreman determines the person responsible for
the defect and must show him the rejected part.

STAT
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, Bvery worker of the shop and the inspection department mist understami trap
"_gommmgorueracuwpmcommucumnmwmmmumm-
43{ tions, makes production more expensive, and increases the danger that the defective
t_f part is installed in an oquipment. However, before rejecting a part, an effort rmst
‘ be made to salvage it. For izproper and premature rejection of a part, those respon-
sible must bear the consequances imposed on deliberate scrappers.

Hot all defects of castings, however, can be detected by external inspection;
Defects such as internal cavities, porosity, discontinuity of the raterial, etc.
are discovered only by spocialized check methods.

Por checking the castings Zor internal defects, fluoroscoping and X-ray exam-
ination of castings are used. The former method consists in washing the clean (and
sometimes pickled) parts in a highly mobile liquid such as kerosene, and then coa‘~
ing it with magnesia powder or quartz dust. The ‘reated part is ‘her washed off,

dried in a strear of compressed air, and irraiiated wder a quartz lamp. A1l loose

spots of the material, blooming, cracks, trittleness, oxide filrg, etc,, into whicH
the mobile liquid with <he powlier has pene-rated, will liminesce trifhtls and e-
come distinctls visitle. As indica‘ed e resills of the ) minescent corirol,
cagtings witr defects exceedig t!e -olasrances are scrapped, while ‘e sound cagt-
ings are routed o the final inspection, or, in *he case of particularl- vital
castings, to the X-ray examination.

The examination of castings under X-rays reveals all internal defects, includ-

ing those which do not reach the surface of the casting.

As a rule, X-ray examination in the foundry shops is widelr used in the devel-
oment of the casting process. X-ray examination of all first castings is recon~
mended in order to check on the satisfactory state of the casting material and on
the absence of internal defects, especially of porosity. If the X-ray photographs
show in defects in the casting, l.e., indicate the satigfactory development of the

process, the 100% X-ray examination of the castings is replaced by a spot check on
STAT
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,_]120 to 10%.
. In seme parts it 1o impossible to obtain an internal structure without poros-
‘ -4 {ty. Such parts, as a rule, have design olements unsuitable for casting. In this
- case, a standard sample of the pemluiblo porosity is established, the spots of
 allowable defects are specified, and 1005 of the castings are examined by X-rays.
Castings that have passed all operational inspections are routed to the final
inspection. The final inspection checks the dimensional stability of the castings,
as indicated by the foundry drawing; at the same time, the inspect ior certificates

are reviewed and the soundness of the balch of castings is established with respect

to chemical composition, pechanical properties of tre material, X-ray, and fluo-

rescent examinations.

Pinished parts cas. by <he method of precision casting from allo;s aving 3
nigh hot-strength are usually of a very complex form, sC +hat it is 4ifriculy and
somet imes ever irmpossible, o cteck +'ao iimensions wi-} convertlonal measuring
+ools. In series production, special meastring levices must ve lesignei for check-
ing the dimersional stability: calipers, Forsesl.oe gages, other indicatirg instru-
ments. The use of such levices rerders the c~lirate 10C 7 checking of t'e cas'~
ings for dimensional stability .ess {irficale and greatl: ascelerates “'e cor.rol
procedure.

For dimensional checking of precision cas.ings tle rollowing ceasuring ingtru-
ments and devices are usually ex=ployed: micrometers, caliper gages. s:rface gages,
universal indicator wall gages, curve gages, a set of probes and measuring plates,
a control plate, divider head, and a get of prisms.

The dimensions of the castings are verified by special calipers and horseshoe
gages in which the inscriptions apr and "Ne" indicate their "go" and not~go"
sides. Those castings in which the "not—go" dimensions (Ne) of the calipers or
horseshoe gage pass in the assigned place of the casting, or, on the other hand,

the "go' dimensions "Pr", do not pass, are defective castings with respect to this

160 STAT |
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- dimension and must sither be further machined or rejected.

Intricate surfaces are checked by lay-on gages with & stop at a definite point
! of the oross section. In this case, the maximm allowable clearance betwsen the gage

~' and the casting 1s prescribed and is checkod with a feeler gage.

7ig. 51 - Instrment ror Yeasuring Fig., €2 - Indicator Instruzert for
Profiles in Two Assigred Cross Sec- Veasuring Profiles ir ™-ree Assigned

¢ions of a Flade “ross Sectiors of a [lade

Gages are ofter furrished ir se's ir special instruments on which +he casting
is checked along its profile surfaces in the assigred cross sectior; on such in-
strupents (Fig.5l), together with ‘hese measurecents, someilimes the length, buck-
ling of a casting, deflection of *he flanges, etc., is also tested. Figure 52 shows
an instrument of more improved design, an indicator dial instrument showirg the
deflection from the theoretical profile on the casting or each point of the cross
section to be tested when a flat copying of the given cross section of the casting
connected with the indicator is rollsd over it.

Castinge found sound by the final inspection are sent to machining and are

delivered to the machine shop or the casting store rocm.
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j. Recording Rejections. St. the t

s

4'5; Correct recording of the rojections is very important for ovaluating the work
. of a shop for a given time {nterval with rospect to the losses frem defective work,
with respect to the existence of individual inadequately worked-out operations of

the process, and with rospoct to the observation of the process conditions as a
whole. For this reason, most serious attention must be paid to the recording of re-
jections in precision casting shops and iepartments.

The recording of rejections is possible only witr a correct organization of
the productive process, when the castings pass through the productive ard control
operations in a definite order.

The cast parts are usually processed in tatches ‘n the various operatiors and
are accazpanied by a document (routing sheet] indicating the numoer of the tatcel,

date of casting, and ~umber of cast paris. The joc mert enumerates a.l ‘he produc-

tive operations and imdicaves the mumer of sound paris accepted or ‘he given oper-
ation. At the end of the entire process. the parts arrive at tlhe final cortrol.
wish a regularly eatered mmoer of re ections in eac.. irtermediate operatior.

After Cinal inspectlion, t'.e sound jarts are jelivered to the stock room of the
casting shop, and, on “ie routing siee., Lo "uL er cf al. re ected parts is added
up, and the perceriage of re ectior. i+ t.e give: atch s devermined. It must oe
noted “hat only 7 relating the runier of re_ected parts %o tne total rumcer of
parts cast is a true plcture ol the spoilage octaired.

The formalizatior of the re ection for the month must be performed vy adding
the delivered, rejected, and cast parts from the number of batches delivered in
that month. Any other method of calculating the spoilage jnevitably introduces
errors, since it is very difficult to record the spoilage of parts in the opera-
tions themselves, in view of the excessive duration of the productive cycle.

The external rejection is formalized during the course of the month and is

added to the intermal spoilage. The spoilage of the foundry shop for the month is

162
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calculated by the following formula

_(Bg + By - 100

P, 3

> where Pr = percent of rojections in the foundry shop;
Bf = mumber of rejected parts in foundry shop on all batches delivered during
the reporting month;
number of parts re‘ected ir other shops (due to the fault of the foundry
shop) in the reporting month;
number of parts cast in all batches delivered during the report month.
The losses due to rel'ections are always expressed in rutles and are determined:
1) by the mmber of relected castings; 2) iy the cost of the metal irrecoveratly
lost, and the cost of other materials (oxidatior losses, unreclaimed losses); 3) the
labor used for the castings (total pay); and ') percent of shop overhead.

It is only natural that the smaller the mumler of rej)ecte! casiings and tre

earlier in the course of the productior process tle iefective castirg is withdrawn
from the production line, “he smaller will “e the losses {ron re'ection, and t-e
righer the indexss wit: whicl ‘re founiry stop will o-erate.

Stamping of Zastings. The questior of stamping castings s of grea: irportance
for productior. dhen parts are ol ihe saxe gecmewric form, <hey are differentiated
ty their assigned mmber. Sound castings must have the stamp of the control.

The point of stamping is usually prescrided "y tne drawing of the part. kost
often the parts are stamped with the heat mmber in the foundry, but in investment
casting, in view of the relatively mmerous heats and the large number of parts,
this method of starping is not always convenient. In addition, a stamp with the
heat nmumber alone would be insufficient to distinguish batches simultareocusly pro-
cessed parts, in wkich there might be metal from several heats.

Parts of minor importance can be stazmped with the batch mmber. In precision

casting, tho daily production of parts is most often taken as a batch.
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"It 1a more convenient to stamp the parts with the serial number on the unma-

side. This stamping may be porformed with an impact stamp immadintely after

itho knockout, but there is a more convenient msthod of stazmping: Before assezbly of
_ithe clusters, the serial mumber can be stamped on the pattern at the prencribcd loca~
L - tions by means of a sharp ateel scriber. ¥With such a method of stamping the part is
followed under one definite number until it is mounted in the equipment itself. The
serial numbers of the parts may be transferred from the clusters to the mold, entered
in the daybooks of drying and firing the molds, and in the melting daybock. They are

then entered on the routing sheet. With this method not each sound part has to be

stamped by the inspector, just as actual broaking of the re‘ected parts is no longer
necessary. This i3 all the core {mportant, since only {mpact starping is possible

on alleys of high hot—strength, since these alloys take acid marking poorly and since

maricding with paint or an electrograph is destroyed during the subsequent operations
of heat treatment and sandblasting of the parts.

Stamping of the parts, beginning with e pattemn, requires an insignificant
amount of work, but it introduces order into the work and makes it known who has pro-
cessed the part in each operation, thus cozpletely eliminating eve lack ¢’ personal
responsibility in the productior of the paris.

Important parts in precision casting rust be stamped only by the above-prescribed
method, i.e., by placing a serial number on the pattern and maintaining <hese serial

numbers unchanged during the course of the entire tecnological process.
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X1+ DEGREE OF ACCUBACY AND FINISH OF DISPOSABLE PATTERN CASTINGS

' Dimensional Stability of Casting
h It 1s practically imposaible to cast two completely idemtical castings, just

as it is impossible to make two completely idemtical parts on a netal-cutting
machine. One of two parts made by thoe same method will be slightly larger or
smaller than the other in some dimension., Por practical work, this difference is
of minor importance as long as the part does not exceod the maxirmm or minismm di-
mensions at which the given part ia suitable for subsequent work, i.e., as long as
the part remains within the dimensional tolerances.

Parts can be mamufactured with varying degrees of accuracy. As a rule, an
increase in the accuracy of production of the parts makes the production nore
expensive. Thus in machining, the accuracy of manufacture of the machine tool,
attachments, and cutting tool, the wear of the cutting tool, the degree of accuracy

of the tool setting on the cachine, the rigidity of the system machine-tool-part,

all exert a direct influence on the degree of accuracy of parts manufacture; other
influences are produced by heating of the catt.ng tool and rart, ‘nternal stresses
of the parts material, and ty many other factors.

In casting, the dimensional stability of the part obtained depends on an even
larger num“er of various causes having to do with melting and solidification of
the metal, as well as with the use of material of less unifom properties, namely,
the mold raterials.

The following basic factors affect the accuracy of casting:

1. Accuracy of Patermmking. The accuracy of the pattern depends mainly on
the material of which it is made. A wooden pattern is considerably less accurate
than a netal one, since under the effect of air temperature, moisture, and natural

wear, a wooden pattern rapidly changes its dirensions. Casting made from wooden
patterns are less accurate than castings from metal patterns.
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In precisicn casting, the Jow-melting alloys are cast in various dies, which

4
-4 Are corplicated devicoes manufactured on metal-outting mashines, with marmual adjust-

! pent. The dies differ dimensionally. Tho pattems mde from different dies also

_ differ. Pressure-cast pattomns are subject to the varying tesperatures of the
composition poured; in addition, the residence time of the pattern in the die is
not always the samo, which is true also of the pressure, die temperature, and air
temperature. All this leads %0 the dimensional instability of the patterns and to
a decrease in the acourasy of the parts cast from them. The buckling of low-
melting patterns under the influence of elevated temperatures and of their own
weight exerts a considerable {nfluence on the accuracy of casting.

2. Accuracy of Mold Making. The accuracy of the molds depends on preliminary

processing of the row paterisls, moisture content of the molding mix, density of
the packing, time of packing the mold, drying and firing conditions, fluctuations
in the composition of the molding mix, and on many other factors. The duration of

the process of mold making for precision casting, with a large amount of marmal

t
i
H
t
¢
§
|

work, mist also be taken into account.

3. Chemical Camposition and Tezperature of the Molten Metal. The composition

v

of the alloy and the texperature of pouring axert a direct influence on the shrink-
age of the petal, on which, {n turn, depend the dimensions of the casting. Hetal
shrinkage is one of the most unstable factors affecting the accuracy of casting.
In the disposable pattern pethod of casting, the metal is teemed into hot molds
whose expansion differs, due to the difference of heating during the firing before
pouring. The resilience of the mold and the degree of its packing 8lso exert 2
noticeable influence on the dimensional instability due to metal shrinkage.

4. Cooling of the Poured Forms. The conditions of cooling of the molds
after pouring have & considerable influence on the variation in dimension of the
part. Rapid cooling of castings often leads o axtensive buckling.

The maximum attainable accurecy of processing 1s significant only in isolated
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[ -
_| cases of tool production or for laboratory studies. For work under industrial con~-
_t
[ _ditions, an economically feasiblo degree of accurncy is fully sufficient. As

'-? pointed cut by Professor A.I.Kashirin, economic accuracy is defined as the mean
" i deviation of the dimensions of the processed surface from the nominal dimensions
obtained under normal productive conditions. As an example, Table 33 gives the
data for the mean economic dimensional stability in machining shafts (rough-
grinding in this table does not mean rough tuming).
Hany attempts have been made to classify castings by the dimensional stability
after casting. The most successful of these attampts probably is the Standard

AR-1026 ™Allowances and Tolerances for Nonferrous Alloy Castings®, approved in

1951 by the ministry of Aviation Industry.

This Standard covers all forms of casting from nonferrous alloys. Under the
subdivision of precision casting, this Standard can also be applied to steel cast-
ings. The Standard adopts a symmetrical system of allowances, the value of the
allowances being established according to the greatest over-all dimensions of the
casting.

The dimensions are designated by types:

D = urmachined linear dimensions of casting;

T = ummachined thickness of casting walls;

M = linear dimensions from unmachined to machined surfaces of casting;

R = dimensions of radii at points of transition of the casting cross sections.

Standard AN-1026 provides for eight accuracy classes for castings, demoted
respectively by Ltl-Lt8. The casting accuracy classes must not be confused with
the accuracy classes by GOST for machining; their comparison may be made according
to the absolute values of the tolerances. Table 34 gives the recommended methods
of casting according to the accuracy classes.

The dimensional tolerances of castings in the lst, 2nd, 3rd, and 8th classes

of accuracy are given in Table 35 (the eighth accuracy class is presented for
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. Parts aro cast by precision casting, according to the first three

The dimensicml fluctuations in precision castings are greatest with respect
to length of the castings, especially when there are flanges on the odges of the

casting. In this case, the fluctuation in length for a casting of 100-250 mm in

dimension amounts to 0.4-0.5 mm and 15 explained by the hindered shrinkage, due to

the pressure of the flanges on the molding mix and the nomunifom resilience of the

mold material. The fluctuations in this dimension can be reduced by observing an

axact (measured Yty stopwatch) vibration time of the molds, using the same vibration

amplitude of the vibrator.

Table 34

Mothods of Casting According to Accuracy Classes by Standard AH-1026

Designation

of Casting
Accuracy Class

Recormended Casting Methods

Lt 1

Pressure casting

Precision casting of parts of medium complexity

Pressure casting

Precision casting of complicated parts

Investment casting of particularly complex parts
Chill casting of parts of medium complexity

Chill casting

Casting in chills with sand cores

Casting in dry and green sand molds with
machine molding or pattern boards

Casting in dry and green sand molds with manual
molding on individual pattems
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Another strongly fluctuating dimension, especially in casting turbine blades,
.and also for other castings, is the dimension of maximm thicimess of the casting
“pmtilc. This dimenaion on castings of 120-150 mm length with a maximm profile

thickness of 8-10 mn, fluctuates over a range of 0.3-0.4 £m. The fluctuation in
maximm thickness is explained by the difficult normal expansion of the mld, by the
nomuniform expansion of the material, and by tho fact that the material of the wold
and flask does not have the same expansion coefficient. The fluctuation in maximm
thickness of the casting can be reduced by placing paper or cardboard of 0.2-0.3 mm
thickness between the flask walls and the filler; by burning during the firing,

this will produce the necessary clearance for expansion of the mold material.

A comparison of the data in Table 33 and Table 35 shows that the accuracy of a
casting of the first and second classes (Lt 1 and Lt 2) corresponds to the accuracy
of the 3rd and 4th classes OST, which can be obtained by machining, finish-grinding
and preliminary polishing, whilo the accuracy of casting of the third class (Lt 3)
correspond to the 5th accuracy class of OST, which is obtained by preliminary
grinding on a lathe. The fact that such degrees of accuracy were reached in the
foundry imdustry can be booked as an outstanding success of our advanced Soviet
science, which becames all the more obvious on comparison with the gth class of
accuracy (Lt 8), corresponding to the method of conventional sand casting, which
until very recently was the only method used in foundry production.

A further increase in the degree of accuracy in casting of parts with melt-out
or bumn~out patterns is quite possible. Greater accuracy can be obtained by
mechanization of the precision casting process and its automation while maintaining

the standardization and constancy of the technological process and materials.

Surface Pinish of Precision Cast
Surface finish in machine building is defined as evermess (smoothness) of the
surface.

Surface finish plays a very important part in the operation of the parts.

170
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Table 35

pimensional Tolerances of Casting According to standard AN-1026

Dimensional Deviatdor
T

Upper \ Lower

Up 10 25

trem 5 o 40‘

Toa b3 © 100 1w

0,0
- 0,20
0,40
170

40,30
10,40
+1,70

_ . ‘ 012
)
From 250 te¥00

Radius

. From 10
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' Surfage firdsh ig desisive for the resistance to wear in combinations of wearing
- parts, the tightness of fits in compound parts, fatigue strength, and corrosion

-

resistance.

Absolutely smooth surfaces do not exist, even tho most carefully machined
polished surface will have mimute roughnesses in the form of ridges and depressions,
To ovaluate the profile of a surface and of its finish, various methods are used H
the most popular of these is the so—called micro-profiling method, based on the use
of instruments that scan the surface with a needle, and record the micro-profile in
the form of a profilogram (Abbot profilomster, Levin profilograph, etc.). In the
shops, the surface finish is ovaluated by comparing it with a standard (the working
specimen),

The all-Union standards (GOST 2789-51), define surface finish by the mean

height of roughnesses Rogan Or by the mean square deviation of the roughnesses R
(the mean-square deviation of the roughnesses of a surface is the square root of
the mean-square distance of points of the roughness profile to its center line),
The deviation of the roughnesses Rng and the mean height of roughnesses Roean are
expressed in microns (.= 0,001 mm). The standard establishes 14 surface finish
classes, Table 36 gives the machining degree, corresponding to surface finishes 1
to 9.

Castings were only recently subdivided into finish classes, since the ordinary
methods of casting in sand molds yleld a surface finish considerably below the 1St
class. The surface finish of a casting, cast into a chill mold, may be placed in
the 2nd finish class.

Castings made by the precision casting method have a considerably better
surface finish. The most highly finished castings made by this method correspond
to Bpg = le6-1.5u. The mean finish of precision castings is Ry = 3.0-1.6 4.
Castings whose finish is considered unsatisfactory in precision casting have a

value Rps ™ 7.0-6.0 u; such castings are subjected to additional surface finishing.
STAT:
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Table 36
Surface Pinish Classcs and Various Corresponding Forms of Machining

Finish Class

£ Machining Bys ©F Rpean
e e in microns

! over 125 to 200
Roughing Operations ;._ ‘_(“:....-_)_
of Orinding, Plan- U e 1S
ing, Milling, and P 72 (Rrmasn)
Boring | ]

| oe 0w
(Rmean)

3I: va‘lwn

Finishing Operation ’ (n_wg B

?.xfxgc Bo:ii?\g’ai:lmv- T ! bwr3.2% 63
1]

Milling

Same Operations,
P.ou@-Polishing ,
Pinish-Drawing

Finish and Diamond
Grinding and Shav-
ing, Pinish-Boring,
Turning and Drawing
Fough-Polishing,
Pinish-Milling

piamond Grinding and
Finish-Turning,
Pinish-Polishing
Drawing

pMamond Grinding,
Shaving and Boring.
finish-Turning.
Pinish and Fine-
Polishing. Finish-
Drawing. Finish-
Polishing
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Allowances for Mac N
The tolerunces for machining established in accordance with the maxisnm
: ven in
inensions of the casting and the finish class adopted are gi
over-all d
Table 37.
Table 37

Allowances for Machining in precision Casting

Greatest Over-All
Dimensions of Casting,
in mn

, by comparison with other
- precision casting. The
methods of casting, ot
f allowances results in considerable saving of metal
uction o -
- the degree of machining. In the seloction of allowances, h N
e
- ander 0.5 ma) should be avoided, since this
the fact that the deform—
ughness, despite
tion of a casting for ro
may lead to rejec

be negligibly slight.
ation of the parts and skeuring during polishing would
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b

In machining the surfaces of precision castings by polishing, allowances of
. 0.7-1.5 = aro considered acoeptable (for castings with maximm dimensions of

100-250 mm). In hand-polishing of the profiles of turbine blades, in the case of

wall adjustod dies, the allowances generally are 0.2-0.3 m per side.

YIII. ORGANIZATION OF PRECISION CASTING

In contrast to all existing casting methods, the prccess of precision casting
is the most time-consuning and technologically complex. This requires even greater
care in organizing the productive process, stricter adherence to process condi-
tions, and more accurate control and accounting.

There are two forms of organizing precision casting processes: 1) organiza~
tion of an independent shop for the production of precision casting; and 2) organ-
jgation of a department (or section) for precision casting in an operating foundry.

The installation of a special precision casting shop can be justified only
where the work volume in the production of precision castings is large, with numer-
ous parts to be produced. In this case it i{s most advisable to organize the shop
according to the so—called object principle, i.e., with a closed cycle of casting
and machining and delivery {ron the shop of parts ready for assembly. Organization
of such a shop has many advantages. The principal such advantages include

acceleration of the production cycle of parts: reducing the periods between opera-

tions and the related increase in the turmover rate of the working capital; close
balance of the metal consumed; more rapid and convenient reprocessing of the plant
metal waste, including scrapped castings, shavings, and polishing dust (its recla-
mation mist never be neglected); more practical solution of all questions of cast-
ing and machining of the part.

In the case of a small mmber of products and medium-scale production, instal-
lation of a precision casting department in an existing foundry is more convenient.
This permits the reduction of unnecessary auxiliary services required for the two

shops, ari, consequently, also a reduction in administrative expense. Every
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Jtoundry shop has a pattum department, a sand, an I-ray, and rapid-check laboratory,’

.

_to say nothing of the sand stockpiles and other services which are also in a posi-

" tion to serve the production of precision castings. The eaxistence of a precision-

casting department within the foundry shop greatly extonds the possibilities of the

casting shop in the production of small castings in dry cores, whose casting does
not interfere with the production of presision castings. At the same time, a large
and well-organized foundry shop is in a position to introduce amd efficiently
organize the production of precision castings.

In each individual case, the problem of organizing the shop or section of pre-
cision casting is solved in accordance with the group of circumstances as a whole.
The question of space is also of great importance, the availability of space often
being the detemining factor for installation of a precision casting thop or sec-
tion as a part of a foundry shop.

All problems of organizing the production of precision castings considered
here refer to a precision casting section, hut are also applicable to a rrecision

casting shop.

The Shop layout and Organization Chart

Figure 53 gives the layout for a prec.sion casting shor designed to ' roduce
one million castings (250 tons) a year.

This shop is designed for organizing the production on the rroduction-line
system. Such a system facilitates acceleration and, at the same time, constancy of
the process conditions and careful observance of the adopted process chart.

Por small-scale production, other organizational forms for precision casting
of parts may exist. In many plants, the manufacturing of parts is done in batches.
However, such processing leads to considerable time intervals between the opera~-
tions and interferes with standardization of the product. Even in small-scale
production, every effort should be made the production-line system, thus reducing

the inter—operational delays and permitting the treatment of parts under identical

176
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[+ YR
| conditions.
.=
L The mumboer of worimen employed in o prosision casting seotion depends on the

[}
-1 productive progran for the mamufacture of precision castings. If four castings are

+

_ being produced in a mechaniaed production-line department, with an output of one

million castings per year (6000 sets), the mumber of worimen and engineering

personnel might roughly correspond to that given in Table 38.

Technical Documentation

Proper formulation of technical documentation and the quality of the technical
docuxents is very important in process organization.

The production of parts, including that of castings, begins with making a
blueprint of the part. The drawing of the part, arriving at the shop is worked up
by the proceas engineer from the viewpoint of casting technology. In the foundry
shop, a foundry drawing of the part {5 issued and is approved by the machine shop;
when design modifications must be made in the part, approval by the designer is

required. The acceptance of castings in the foundry shop and their delivery to the

stockroom is performed {n accordance with the foundry drawing. Another basic

technological document, which is a law for the production, is the list of techno-
logical processing charts kept by the process engineer, in charge of the parts
mamfacture. The technological processing charts mist be brought up to date for
all vital operations of the process to which the casting is subjected along the
line. The process instructions mst not be of a descriptive and meandering charac-
ter, but mst give concise and brief {nstructions as required for performing a
given operation. The instructions must indicate all conditions of work, as well as
all transitions and working stages of the given operation. The process chart mst
contain the following entries: inspection requirements of the given operation;

method of inspection; testing instruments and allowable defects, etc. Attachment

of the necessary sketches with indications of the dimensions is of great help in

the work.
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Table 38
Appraxizate Schedule for Woriamen and Engineering

Poersonnel of a Pracision Casting Departaent

Category
Trade and Duty or

Pay-Group

I. Productive Workers

Compounders of patterm
material 5

Pattern stampers b-5
Pattern finishers

Cluster assemblers

Coaters

Sand operators

Kolders

Driers

Mold assemblers

Hetal teemers

Steel founders and smelters
Knockout men

Sandblasters

30

Total 137

II. Assistants

and apparatus llot counting laboratory
m:rr::o”ry it 6-7 workers in plant labora~-
tories

: v

Declassified in Part - Sanitized Copy Approved for Release 2013/01/14 : CIA-RDP81-01043R001600030001-6



Declassified in Part - Sanitized Cop

Approved for Release 2013/01/14 : CIA-RDP81-01043R001600030001-6

Trade and Duty

Fitters-adjusters on the
conveyor

Hachinists for electric
generators

Pyrometer men

Shift electric repairmen

Inspectors

Distributors

Transport workers

Hot counting fitters on
repair in mechanical group
and in pattern department

Total

I1I. Engineering

Chief of department, also
assistant chief of preci
sion casting shop

Senior foremen of section

Shift foremen

Foremen for preparation of
production

Senior process engineer
Process engineers

Senior inspection foremen

Inspection foremen
Planner

On Genoral Plant Payroll

Administratively subordi-
nated to chief of technical
burean of shop

Administratively subordi-
nated to chief of bureau
of snop control

t
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IV. Junior Service Personnel
I

The process charts are drawn up by the process engineer, in collaboration with
the foremen, and are approved by the chief of the shop and by the chief metallur-
gist of the plant. HNo one has a right to modify any entry in the process condi-
tions. All modifications are entered (with a special prescription and reference)
by the process engineer handling the part in question after approval of the modifi-
cation sheet by the chief metallurgist.

The file of the techmological operation charts (original) is kept in the
department of the chief metallurgist; one copy each of the tlueprints in the tech-
nological bureau of the shop and in the office of the shop inspection; and one
woriding copy of the blueprints in the section. It is common practice to paste this
copy on plywood, coat it with colorless vamish, and hang :t at the working nosi-
tion so that the process conditions are always before the eyes of the workmen per-
forming the operation in question.

At times, it is impossible to describe certain processes in the process speci-
fication. Special instructions are prepared for such processes, with the process
operations chart refering to such instructions. These include, for example, in-
struction on the hydrolysis of ethyl silicate, lining of fumaces, etc. The in-
structions, if reference is made to them in the process conditions, have the
validity of a process operation chart, and one copy must be available to the
tors of this process step.

The flow sheet, or over-all schedule, is a particularily important document.

181
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TTnis document reflects all “changes in a batch of parts during its movement through
o_operations. Tho flow sheet enumerates all operations to which the parts are
subjected up to their delivery to the ocasting stockroom. Usually the flow sheet is

L..Jinitiatad at the smelting step but may algo begin with the step of cluster assembly.
lIn it are entered the heat mmber, the mmber of the part or article, the date of
casting, the mmber of parts cast, and their serial mumbers. The passage of parts
through the operations is fixed by operational control, which notes on the flow
sheet the mmber of sound and rejected parts. The name of the workman performing

each operation 1s entered for eash operation. Tho end of the flow shest contains a

blank Table, giving the reason for scrapping a casting and a list of all rejected

parts, in the corresponding coluzm; at the end, the mumber of castings delivered
and the invoice mmbers under which they have been delivered are given.

The routing sheet is a vory convenient document for keeping a record of the
parts on the production line. It is also convenient to give a record of the spoil-
age. Por this, at the end of a month, it is only necessary to add up the mumber of
cast and spoiled parts, arranged by batches delivered during the reporting month.

To avoid confusion of the parts in the individual process steps and to prevent
losses, the processing of the parts should be done in batches, each such batch be-
ing accompanied by the above-described routing slip.

With a properly adjusted production line, no parts can be lost. The person
guilty of losing a part must bear the same responsibility as for a rejection.

Those responsible for the safekeeping of parts are the foremen of the section whexe

the part is being treated and the workman processing a given bateh of parts. The

parts are delivered from section to section against a receipt record, which is made
easier to keep by using a standard container with compartments for transportation

_of parts. A record of the parts as a whole, for the precision casting department,

3

- is kept by the plamner, to whom all reports are sutmitted by the foreman on produc-

-

" tion of parts and movement of batches of parts.

182
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" Delivery of finianed ‘castings to the stoockroom is dono by ir by invoice. :
Tost _spescimens for chemical analysins are sent to the laboratory under the mme ,
—Jbex- of the routing cheet of the bateh of parts to be controlled, and the laboratory

-Jcertiticatea are retumed to the inspection departmmnt under the same mmbers, which
- proventa posaible confusion. The roquests for tests are made out on a special
blank.

Each sheet is registered in the heat book, with a statement of the mumber of
molds poured and their mmbers. It is more convenient to keep the smelting records
scparately by alloys.

The productive and control devices (dies amd instruments) must have special
rating certificates, which are kept together with the devices in the tool stockrooms
or in the section. After checkding the devices in the control and verification sta-
tion or in the central testing laboratory, the results of the check are noted in
the rating certificate. The same is done with respect to correction of such
devices. All corrections made are noted in the rating sheet of the device. Attach-
ments and instruments are checked by a strictly laid—out graph.

The rejection of castings is formlized by drawing up special rejection charts.

A1l other documentation, such as workmen's pay schedules, blanks for tabular
records, etc., will not be discussed here, since they are the same for every pro-
duction line,

Safety Regulations

Special safety regulations are issued for all enterprises doing precision
casting. A mmber of agencies have summarized these instructions, which are now
being issued as mandatory.

In the following, only particularly important questions of plant safety in

_precision casting will be considered.
In selecting a pattern material, no texic substances, such as holowax, must be
T ,Jused. 4 pattern mix with polystyrene is a combustible material. If it is used,

STAT
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a]l mlea of fire ufoty ‘st be obaerud, ‘As far as poaaible, ‘the uge of an open
- mn s, _foxdidden in the pattem depnrtmm.. and in no case must the equip-
pent for heating the pattern materlal be lart. unsupervised.

“In the departments where patterns a.ro made and coated, particular attention
S
| mst b given to proper funotioning and efficiency of the ventilation. The venti-
PR R

'1ating devices, when working with molten pattern material, must be periodically
cleaned to remove any pattern material condensed in the pipes.

The molten material for pattermmaking may cause injury. Precautionary
; peasures mst be taken in melting and pouring such material, and special screens

" mst be used, especially on the pattern presses, where hot pattern material may

- spatter under the action of the pregssure exerted by the press. For pattermn coating
rubber gloves mist be worn and the work mist be done under a hood, since the ethyl
silicate or liquid coating may splash. Sanding of the coated patterns and the
azzonia treatment of the pattem clusters must also be performed under a hood, with
the oquipment in good condition.

There are a mmber of dangercus operations in preparing the materials, coating

;
1‘
|
|
i
i

the pattern clusters with a facing layer, and molding. These operations include:

1) Firing the sand and marshallite, which must be done with great caution,
charging and discharging the olectric oven only when it is turmed off; do not allow
fired sand to spill on the floor and to cool there;

2) Screening of sand, cement, and especially of quartz dust; the sifting of

these materials mist be done under a hood;

3) Transportation of heavy molded flasks, for which a roller conveyor must be
used; in molding on the vibrator, care mist be taken to avoid posaible splashing of
the molding material.

The melt-out of the pattern material from the molds with the temperature ris-
mg abo‘ve the allowable limit is often accompanied by ignition of the material.

Dwaxing of the molds must therefore be performed at the established temperature,

184
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ard o Gxoessive rise mst be poritted.

| _The molds msat be charged into the aleotric furnaces and removed with the el!,ec‘-1

_ !
“J¢rio heaters tumed off; a blocking device which disconnects the current in the

) :-Jm;nmo when the door is opened must be installed at the furnace doors. The hot
‘:‘;ﬁnd molds may crumble, or in the case of flaskless molding, may collapse, if care-
- lessly transported. The fired molds mst be transported with extrems caution,
using special tongs, adjusted to the sige of the molds.

The melting of metal and the teeming of metal into the molds is a particularly
dangerous step of the process. The pouring of molds is done on special machires,
with tho molds placed on a bed of dry sand.

Persons not having attended a special course of instruction are forbidden to
work on the high-frequency installation.

Tho generator room must be isolated and mst have a reliably working blocking
door which, on opening, discomnects the installation. All current—carrying parts

of the machines and fumaces, as well as the busbars must be well screened. The

smelting of metal is to be done only in furnaces in good order with a reliable
lining. When the lining is corroded, the molten metal must be immedintely tapped
into a ladle or receiver. In smelting of metal, a tool with insulated handles is
used. Do not allow charging of a damp charge into the molten metal and prevent
penetration of moisture. The metal must be teemed only into ladles in good condi-
tion. The smelters and pourers mst wear special protective clothing (heavy cotton
overalls, gloves, felt boots; trousers are worm inside the boots) and must use pro-
tective goggles with blue lenses.
Hot molds must never be knocked out.
Only properly trained personnel who has passed a medical examination, is
- "allowed to work on the sandblasting machine. In sandblasting work, protective
" guits with a helmet mst be used (in case of an open sandblast), and rubber gloves

st be worn. The sandblast roon mist be protected by wet filters and high-power

185
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ventilation systems.

_l____Work with an abrasive tool or polishing wheels 1s porsitted only when proporly.
4.
mmled, with the necessary fiber gaskets and disks. Polishing wheels mst pass

_,.a prolirinary test and be properly transported, Trimming machines, emery wheels,
Tland polishing heads mst be provided with reliable safoty screens.

Every new employce mst take a compulsory six-shift course of instruction on
safe methods of work for the operations assigned to him, with successful completion
of the course entered in a record book. Bvery six months, this course is repeated
for all worimen. ALl personnel working in the shop must be familiar with the
genoral rules of safety and fire protection.

The productive rooms of the shop, the equipment, the recreation and sanitary
facilities of the shop must peet all safety requirements and all labor protection
rules.

The fire-protection measures in the shop must meet the requirements for fire

protection issued by the Ministry of Internal Affairs USSR.

Measures for Increasing labor Productivity

In increasing the productivity of precision casting, the decisive factors are
the materials used, arrangement of the largest possible mmber of castings in a
single cluster, improvement of the quality of the castings, and reduction of
spoilage.

A large mumber of examples could be cited where productivity has been increas-
ed as a result of the tireless work of rationalization performed by innovators of
socialist production. In one of the departments of the precision casting shops,

pattermaker P.V.Kudishina proposed a method of siimiltaneous work on two dies in

pattenmaki.ng. This measure increased labor productivity in the pattern department

by almost T0%.
The introduction of armonia treatment of the coated pattern clusters shortened

" the coating cycle from 30-40 hrs to 2-3 hre.

186
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Tho rational utilisation of the working space of & firing furnace, W uhargi;is

mekd molds, almost doubled the produstivity of the mold-firing equipment.
Simultancous molding on & large-capasity vibrator of several polds, as proposed
by tho molders Conrades Soldatova and Kustmina (at ono and the same time in differ-
ent plants), has much inoreased the productivity of this operation.

Comrade Gunkina, a pattemn cluster assembler, proposed cooling the Jig with
water during assembly of tho pattems, which shortened the assembly time.

In working on a rotary furnace, the founder Conrade Nefterev abandoned the use
of unnecessary clamps for attaching the graphite cover, thus shortening the auxil-
iary labor time in the smelting process.

Possibilities for further increase in the productivity of precision casting
may lie in a paximm mechanization of the production operations, automation of
equipment, and use of more suitable materials.

A more refractory pattem mterial will further improve the pattern quality,
eliminate their buckling and excessive shrinkage, which will necessarily be reflect-
ed in an increase of productivity in the operation of patterrmaking, since it
allows a shorter pressing tinme and residence time in the dies.

pry fillers should find widespread use in precision casting, since its use
greatly shortens the duration of the rroductive cycle in the drying and firing of
the molds. Precision casting engineers must search for a satisfactory molding
paterial that does not impair the dimensional stability of the castings.

A persistent day-to-day fight against spoilage has already bormne fruit in many
enterprises. The output of sound castings has been increased; and for a mumber of
parts cast by the method of precision casting, the rejection rate has been reduced
to tenths of a percent. But there is still a large amount of work to be done in
the field of reducing spoilage and scrap.

If the present pook makes it easier for the workers in precision casting to

fight spoilage, even if to a minor degree, and if it helps the cause of training
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the author will consider his task well dons.

~young worimaen in precision casting,

2
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